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In the present study, coverslips were used as solid support for the synthesis of nanoparticles (NPs) through two annealing protocols at 550 °C: (i) monometallic Au NPs (Au-4nm/3h and Au-4nm/8h NPs) (named one step annealing) and (ii) ITO-Au hybrid 16 h NPs (ITO/Au and Au/ITO NPs) (named two steps annealing). The obtained active NPs were investigated for their stability performances in aqueous saline buffer (PBS buffer) and LSPR sensitivity related to the changes of refractive index (RI) in air and glucose solutions. The experiments proved the great stability of annealed Au-4nm/8h NPs, ITO/Au /16h NPs, and Au/ITO/16h NPs in the presence of PBS buffer. Moreover, LSPR sensing of low (0.2 -3 mg/mL) and high glucose concentrations (25 % (w/v)) in wet and dry conditions on Au-4nm/8h NPs and ITO/Au NPs coated coverslips of reproducible sensitivity to the environmental RI changes over time is also reported.

Introduction

With increasing overweight and obesity, diabetes incidence rate is increasing worldwide [START_REF] Hussain | COVID-19 and diabetes: Knowledge in progress[END_REF]. In this context, hyperglycemia is one of the most direct clinical manifestations of diabetes along with blood glucose level > 0.7mg/mL [START_REF] Danaei | National, regional, and global trends in fasting plasma glucose and diabetes prevalence since 1980: systematic analysis of health examination surveys and epidemiological studies with 370 country-years and 2•7 million participants[END_REF]. Moreover, diabetes increases the risk of cardiovascular and kidney diseases with detrimental effects on life expectancy and health care costs. Unfortunately, severe glucose deficiency called hypoglycemia with blood glucose level <0.2mg/mL could lead to cerebral energy failure, impaired cardiac performance and muscle weakness [START_REF] Freedman | Chapter 5 Membrane-bound enzymes[END_REF].

Therefore, maintaining a normal daily blood glucose is essential for diabetes and hypoglycaemia patients. In this paper, the optical sensing of different glucose concentrations on annealed monometallic and hybrid nanostructured coverslips is investigated.

Metallic nanoparticles are widely applied in (bio)sensing application due to its unique localized surface plasmon resonance (LSPR) characteristics. LSPR of plasmonic nanostructure is strongly relied on its size, shape, inter-particle distance, and particular refractive index (RI) of the surrounding environment, which provides an excellent tool for label-free (bio)sensing for the local RI changes, and in turn induces the shift of LSPR wavelength and/or extinction intensity [START_REF] Tittl | Plasmonic gas and chemical sensing[END_REF]. Thanks to good chemical stability, promising optical and biocompatibility properties, gold nanoparticles (Au NPs) are excellent candidate for the fabrication of various configurations of sensing chemicals and biomolecules [START_REF] Zhang | Functional gold nanoparticles for sensing applications[END_REF] including proteins [START_REF] Cottat | Localized Surface Plasmon Resonance (LSPR) Biosensor for the Protein Detection[END_REF], DNA [START_REF] Roether | Real-time monitoring of DNA immobilization and detection of DNA polymerase activity by a microfluidic nanoplasmonic platform[END_REF], and viruses [START_REF] Wang | Gold nanorod-based localized surface plasmon resonance biosensor for sensitive detection of hepatitis B virus in buffer, blood serum and plasma[END_REF]. In this context, homogeneous and stable annealed Au NPs, on glass substrates used as solid LSPR supports for the bioimmobilization steps with small-weight chemical -atrazine is reported [START_REF] Lee | Label-free localized surface plasmon resonance biosensor composed of multi-functional DNA 3 way junction on hollow Au spike-like nanoparticles (HAuSN) for avian influenza virus detection[END_REF]. Thus, the thermal annealing of gold films increases an interparticle separation in order to decrease the surface tension energy between Au NPs and glass substrate, which could in turn promote the affinity between Au NPs and glass substrate [START_REF] Liu | A novel label-free strategy for the ultrasensitive miRNA-182 detection based on MoS2/Ti3C2 nanohybrids[END_REF]. Therefore, it is possible to enhance the stability of Au NPs on the glass substrate by longer period time of high-temperature annealing. Because the thermal exposure for longer periods of time may contribute to the sinking of Au NPs partially inside glass and in turn to increasing the interparticle distance.

As well known, the biological buffers (for instance PBS buffer) play important roles in the aliquots and (bio)functionalization preparation step [START_REF] Jia | Large Scale Fabrication of Gold Nano-Structured Substrates Via High Temperature Annealing and Their Direct Use for the LSPR Detection of Atrazine[END_REF][START_REF] Zhou | Influence of Saline Buffers over the Stability of High-Annealed Gold Nanoparticles Formed on Coverslips for Biological and Chemosensing Applications[END_REF].

Thus, few studies are on the instability of the annealed gold thin film on coverslips after exposure to aqueous solutions and buffers, being a major inconvenient for their use in (bio)sensing applications. Specifically, after annealing of gold thin film at 550 °C for 3h, the formed Au NPs on glass coverslip induced a visible pinkish colour, while the agglomeration of AuNPs in the presence of saline biological buffers induced a visible blue colour [START_REF] Yan | Molecule oxygen-driven shaping of gold islands under thermal annealing[END_REF].

On the other hand, indium tin oxide (ITO) is a promising material in (bio)sensing technology due to its good electrical conductivity and low absorbability of light.

Moreover, thanks to the good substrate adhesion, excellent biocompatible, and electrochemical stability as well as physical features, ITO is often utilized in the fabrication of thin films technologies and applied in (bio)sensor [START_REF] Khan | Effect of ITO surface properties on SAM modification: A review toward biosensor application[END_REF]. Several studies based on ITO coated glass have been fabricated in different areas such as clinical diagnosis [START_REF] Yang | AFM and impedance spectroscopy characterization of the immobilization of antibodies on indium-tin oxide electrode through self-assembled monolayer of epoxysilane and their capture of Escherichia coli O157:H7[END_REF][START_REF] Abraham | Enhanced electrochemical biosensing efficiency of silica particles supported on partially reduced graphene oxide for sensitive detection of cholesterol[END_REF], food analysis [START_REF] Fang | A high-performance glucose biosensor based on monomolecular layer of glucose oxidase covalently immobilised on indium-tin oxide surface[END_REF][START_REF] Sivasakthi | Pulse electrodeposited nickel-indium tin oxide nanocomposite as an electrocatalyst for non-enzymatic glucose sensing[END_REF], and environmental monitoring [START_REF] Wang | Highly sensitive homogeneous electrochemical aptasensor for antibiotic residues detection based on dual recycling amplification strategy[END_REF][START_REF] Lin | Electrochemical detection of Hg(II) ions based on nanoporous gold nanoparticles modified indium tin oxide electrode[END_REF]. Thus, ITO-based biosensors usually have higher signal response and sensitivity [START_REF] Aydın | Indium tin oxide (ITO): A promising material in biosensing technology[END_REF].

However, there are few reports devoted to the study of increasing LSPR-based optical (bio)sensor stability to biological buffers by fabrication Au-ITO hybrid NPs.

Herein, AuNPs were either formed on glass coverslips after longer period annealing time -8h at 550 ℃ (named Au-4nm/8h NPs) or after two consecutive annealing (8h at 550 °C) of thin layers of Au and ITO creating two hybrid nano-structures of Au-ITO NPs (named ITO-20nm/Au-4nm/16h NPs and Au-4nm/ITO-20nm/16h NPs). In order to study the stability of metallic NPs in PBS buffer, the different nanostructured coverslips were exposed to 5 μL PBS buffer (1x) droplets overnight at 4 °C in humid chamber petri dish. After buffer exposure, the areas under the drop were characterized by scanning electron microscopy (SEM) and atomic force microscopy (AFM). The optical property stability of all annealed samples was also investigated through LSPR measurements. Moreover, the influence of different glucose aqueous solutions (0.2-250 mg/mL)here as a model sensing chemical molecule, on annealed Au-4nm/8h NPs, and ITO-20nm/Au-4nm/16h NPs substrates is further discussed.

Experimental section

Chemicals

Squared glass coverslips (22mm x 22mm) from Carl Gmbh +Co. KG, (Karlsruhe, Germany) were used as the substrates. Liquid detergent Decon 90 (Decon Laboratories TM ) was provided by Fisher Scientific (Göteborg, Sweden). Phosphate buffer saline (PBS) was prepared using sodium chloride (NaCl, purity 99.5%), sodium phosphate dibasic (purity 99.0%) and sodium phosphate monobasic (purity 99.0%) were received from Sigma-Aldrich (Schnelldorf, Germany). D-(+)-Glucose (≥99.5%,GC) (Sigma-Aldrich, Schnelldorf, Germany) was used for preparation different concentrations of glucose solutions. For the all the rinsing and dilutions steps, distilled Milli-Q water (18.2MΩ•cm) was used (Millipore, Molsheim, France).

Instruments

NPs coated square glass coverslips were characterized by a scanning electron microscope (SEM) (FEG-SU8030, Tokyo, Japan) and an atomic force microscope (AFM) (Bruker ICON, Billerica, MA, USA) with cantilever ScanAsyst-Air in silicon nitride with a tip height of 2.5-8.0 mm. A spring constant of 4N/m and a reflective aluminium coating on the back side in standard ScanAsyst-Air mode were used to characterized the surface of the annealed coverslips.

A home-build confocal extinction measurement system (with a Ø = 50 μm fibre QP50-2-UV-BX (Ocean Optics, EW Duiven, Netherlands) coupled with an optical spectrophotometer Maya 2000 Pro and using a white exciting light source (DH-2000-BAC, Ocean Optics, EW Duiven, Netherlands) was used to record the LSPR spectra from metallic NPs coated coverslips in the visible range (400 to 800 nm). All the spectra were recorded with a 10 x objective.

Nanostructuration of coverslips

Metal and ITO evaporation protocol

The coverslips were cleaned by with Millopore distilled water (Milli-Q water) and a detergent solution (Decon 90) (ratio 1:4, v/v) in an ultrasonic distilled water bath (Elmasonic S30H model, Elma Schmidbauer GmbH, Singen, Germany) at 50 ℃ for 15 min. The resulted samples were rinsed with excess amounts of Milli-Q water, dried under N 2 stream, and subjected to second ultrasonication in Milli-Q water at 50 ℃ for 5 min. The whole process was repeated 3 times. Finally, the coverslips were again rinsed for 3 times with Milli-Q water, dried on a hotplate at 100 ℃ for 10 min, and were ready to be use for the Au/ITO evaporation.

The metal evaporation was conducted in a vacuum evaporator (Plassys MEB400, France) using the electron beam mode. The coverslips were labelled with a scotch band on the external site for handling and fixed on the circular evaporation plate of 200 mm diameter. Finally the coverslips were exposed to gold or ITO vapours in evaporator under an evaporation rate (0.05 nm/s) and monitored by a build-in quartz crystal sensor. The working pressure was 1.0 × 10 -6 Torr.

Selection of the optimal high annealing temperature

Firstly, 4 nm Au coated coverslips were thermal annealed for 8h at 150 °C, 350 °C and 550 °C and further exposed or not to PBS buffer for overnight at 4 °C.

The resulted annealed samples were AFM characterized (Fig S1 A-D). Secondly, LSPR spectra for coverslips exposed to PBS were recorded (Fig S1 G-I) showing the high stability of annealed NPs at 550 °C when compared to those obtained at 150 °C and 350 °C. Therefore, 550 ºC was selected as the optimal annealing temperature for further glucose sensing investigations.

Nanostructuration protocols at 550 °C

One-step thermal annealing protocol was applied for the fabrication of Au NPs on thin coverslips. Briefly, after coverslip evaporation with 4 nm Au thin film, the modified coverslip substrates were immediately annealed either on a hot plate or oven at 550 ℃ for 3 h or 8 h in order to fabricate Au-4nm/3h NPs and Au-4nm/8h NPs on the coverslips. Two-steps thermal annealing protocol was applied for the fabrication of Au-4 nm (1)/ITO-20nm (2)/16h NPs and ITO-20nm (1)//Au-4nm (2)/16h NPs on glass coverslips. Thus, for the Au-4 nm (1) /ITO-20nm (2)/16h NPs, firstly the coverslips were coated with 4 nm thickness of Au thin film and transferred into a high-temperature oven (Nabertherm, Germany) to be annealed at 550 ℃ for 8 h.

Secondly, annealed coverslips were coated with 20 nm ITO thin film and annealed (550 ℃ for 8 h in oven). Similarly, for the ITO-20 nm (1)/Au-4 nm (2)/16h NPs substrates, firstly, the coverslips were coated with 20 nm ITO and then annealed (550 ℃ for 8h in oven). Secondly, annealed coverslips were exposed to 4 nm Au and then re-annealed (550 ℃ for 8 h in oven) (Fig. 1). 

Effect of PBS buffer over the stability of annealed Au NPs and Au-ITO hybrid NPs on glass coverslips

The NPs stability tests (Au-4nm/3h NPs, Au-4nm/8h NPs, Au-4nm/ITO-20nm NPs, and ITO-20nm/Au-4nm NPs) in the presence of PBS buffer were conducted buffer exposure, the coverslips were extensively rinsed with Milli-Q water to remove the residual salts of sodium chloride, sodium phosphate dibasic, and sodium phosphate monobasic and dried with N 2 stream (Fig. 2). The samples were characterized by SEM, AFM, and LSPR measurements. 

Sensitivity test of Au NPs and Au-ITO hybrid NPs on glass coverslips.

The optical sensitivity of the different annealed NPs was LSPR tested either in real-time drop regime using 5 μL of 25 % (w/v) glucose solution or in adsorption regime after an overnight at 4 °C in the presence of 5 μL water and glucose of various concentrations (0.2-3 mg/mL).

High-throughput LSPR sensing of adsorbed glucose

The LSPR sensing tests were conducted after an overnight at 4 °C for different areas of Au-4nm/8h NPs and ITO-20nm/Au-4nm NPs modified coverslips with adsorbed 5 μL of different glucose concentrations (0.2, 0.4, 0.7, 1.0, 2.0, 3.0 and 250 mg/mL) (Fig. 3). AFM images were analysed using with Gwyddion software to calculate the roughness of annealed nanostructured coverslips.

Origin software was used for the statistical analysis (linear regression and smooth, differentiate or integrate curve) of the experimental data and graphs. The LSPR spectra of all annealed coverslips samples have well-defined plasmonic peaks. Specifically, for the 4 nm gold thin film, as the increased period of annealing time from 8h to 3h, the extinction peak was slightly red-shifted from 539 nm to 544 nm with a concomitant amplitude decreased from 0.157 to 0.149. The obtained results for annealed Au NPs confirm the theory of the previous study [START_REF] Su | Interparticle Coupling Effects on Plasmon Resonances of Nanogold Particles[END_REF]. Thus, in the present work the reductions in peak shift and scattering intensity with particle spacing reflect the decaying of the field distribution between particles, which are corresponding to the growing the period annealing time. Moreover, for the field of hybrid NPs, the typical plasmonic peak were both observed for the ITO/Au and Au/ITO NPs at 571 nm and 586 nm with an optical density value of 0.22 and 0.25, respectively. As shown in Fig. 4C, the maximum optical density of hybrid NPs is higher than that of monometallic Au NPs. Generally, the particle sensing resolution depends on the absolute magnitude of the plasmon intensity. Therefore, ITO/Au and Au/ITO NPs with intense absorption or scattering cross-sections could be favourable in their use as (bio)sensors based-nanostructured platform. 2) is the order of annealed materials (Au vs. ITO) on coverslips for 8h at 550 °C.

Results and discussion

Stability of annealed nanostructures

Study of fresh annealed coverslips in saline environments

In order to understand the influence of saline buffer, several surface characterization techniques were employed for the formed metallic NPs exposed to PBS drop (5 μL).overnight at 4 ℃. SEM to calculate the NPs size distribution, by AFM to obtain the height profile analysis, and by LSPR to obtain specific plasmonic spectrum, characterizes the area under the drop.

According to pervious study [START_REF] Zhou | Influence of Saline Buffers over the Stability of High-Annealed Gold Nanoparticles Formed on Coverslips for Biological and Chemosensing Applications[END_REF], after 3h high-temperature annealing of 4 nm gold thin film, the formed Au-4nm/3h at 550 °C NPs present instability to the PBS buffer and these results are corroborated with our present study (Fig. S2). Therefore, oven annealing is selected for PBS buffer investigations. Thus, after Au-4nm/3h NPs coated coverslip were exposed to PBS buffer, the SEM images (Fig. 5a1) were collected and depict the agglomeration of Au NPs in chains and losing the original independent Au NPs. The AFM images also revealed the surface roughness values significant (p < 0.05) change after exposure to PBS buffer. Meanwhile, since the lack of independent Au NPs on the surface, the typical plasmonic peak was absent (Fig. 6A). ).

However, for the Au-4nm/8h, ITO/Au, and Au/ITO NPs coated coverslips, there are no significant differences from the SEM images of before and after exposure to 5 μL PBS drop. In addition, as shown in the Fig. 5C, the hybrid NPs size distribution there are no significant changes after exposure to PBS buffer. These observations are also in good agreement with the AFM imaging. The surface exposure to the PBS buffer shows similar R a (nm) and R ms (nm) roughness values with those of fresh annealed coverslip surface. Moreover, as shown in Fig. 6B-D, the plasmoinc peaks of fresh annealed surface and the one obtained after exposure to PBS buffer are highly overlapped. 2) is the order of annealed materials (Au vs. ITO) on coverslips for 8h at 550 °C.

Study of aged annealed coverslips -air conditions

The LSPR signal stability of Au-4nm/8h, ITO/Au, and Au/ITO NPs on coverslips aged of 3 months and kept at room temperature is investigated. As shown in Fig. 7, the aged samples do not have significant changes of LSPR intensity and maximum resonant wavelength compared to fresh samples. This confirms the robustness of the oven annealing protocol. 2) is the order of annealed materials (Au vs. ITO) on coverslips for 8h at 550 °C.

In conclusion, on the one side, by increasing the period of annealing time, the Au-4nm/8h NPs exhibit both better optical properties and stability in the presence of PBS buffer than Au-4nm/3h NPs on coverslips. On the other side, thanks to ITO good adhesion on glass coverslip, an increase on the stability of Au NPs on ITO coated coverslip is noticed.

Several studies have reported on the Au NPs partially seeking into glass substrate could lead to decrease the sensitivity for the surrounding refractive index changes [START_REF] Andrade | Nanoplasmonic Sensors[END_REF].

Recently, it has been reported that fabrication Au NPs on the ITO substrate for SERS to enhance the surface sensitivity. Therefore, in the present study, Au-4nm/8h and ITO (1)/Au (2) ITO NPs were further applied to optical glucose sensitivity test.

Sensitivity test of Au NPs and hybrid NPs on glass coverslips

The plasmonic performances of annealed samples were recorded by a home-build confocal extinction measurement system, in the presence of different surrounding environments such as air (n=1), dd-water (n=1.33), and 25 % (w/v) glucose aqueous solution (n=1.36). The bulk refractive index sensitivity (S, nm/RIU) for annealed coverslips was calculated (Table 1) according to a widely used formula [START_REF] Tuersun | Refractive index sensitivity analysis of gold nanoparticles[END_REF][START_REF] Wang | Plasmonic refractive index sensing using strongly coupled metal nanoantennas: nonlocal limitations[END_REF][START_REF] Tabasi | Recent advancements in the methodologies applied for the sensitivity enhancement of surface plasmon resonance sensors[END_REF] considering the measured red shift of the resonant peak divided by the changes in the refractive index (RI). Next, by changing the environment of Au-4nm/8h NPs and ITO/Au NPs in the presence of 25% (w/v) glucose aqueous solution, the plasmonic peak red-shift varied from 1.33 nm to 2.21 nm, while the bulk refractive index sensitivity varied from 44.33 to 73.67 nm/RIU), (Table 1, Fig. 8). These data clearly demonstrated that the sensitivity of hybrid NPs (ITO/Au NPs) is higher than that of monometallic NPs system (Au NPs) and is in perfect agreement with the recent works [START_REF] Zhou | Highly sensitive and selective voltammetric detection of mercury(II) using an ITO electrode modified with 5-methyl-2-thiouracil, graphene oxide and gold nanoparticles[END_REF][START_REF] Sonuç Karaboğa | AuNPs modified, disposable, ITO based biosensor: Early diagnosis of heat shock protein 70[END_REF]. The specific mechanism responsible for this effect is first based on that the free-electron interaction between Au and ITO by optical excitation would be a key factor to enhance the LSPR sensitivity of the ITO/Au NPs. The interaction between Au and ITO may enhance the charge density of Au NPs, which could partly increase the polarization ability and in turns to promote the ITO/Au NPs LSPR sensitivity [START_REF] Aydın | Indium tin oxide (ITO): A promising material in biosensing technology[END_REF].

Secondly, the nanoparticles size distribution of 4nm AuNPs 8h on glass (one step annealing) and ITO (8h)/Au (8h) (two steps annealing) are 33% (25 nm) and 22 % (42 nm), respectively (Fig. 5C,D). The regular glass coverlips act as thermal insulator which affect the Au film mobility at high temperature. Thus,. it is expected that metallic films evaporated on conductive substrates would form after annealing process larger AuNPs that those obtained on non-conductive ones. The consequence of this higher NP size when ITO is a higher shift of the peak.

However, for the Au/ITO NPs, no changes of plasmonic peak by changing the medium RI above the NPs from 1.00 to 1.36 were observed. SEM images of Au/ITO NPs confirm an entire covering with ITO NPs, which in turn decreases the sensing capability of Au NPs to RI changes of the environment.

Moreover, plasmonic evolutions of annealed substrates in different RI environments is recorded (Fig. 8) with a calculated linear regression coefficient of 0.9988 and 0.9994 were calculated for Au-4nm/8h and ITO-20nm/Au-4nm NPs, respectively. It is clearly shown that the Au-4nm/8h and ITO-20nm/Au-4nm NPs are both sensitively to the changed of environments RI and can be further applied in the (bio)sensor fabrication. On other words, thanks to the optical properties and good electrical conductivity of ITO, the ITO/Au NPs (two step annealing) are more sensitive to the medium changes than that of Au-4nm/8h NPs (one step annealing). 

Conclusion

In this work, robust annealed monometallic NPs (Au NPs) and hybrid NPs (ITO-Au NPs) were fabricated on glass coverslips after 8 h at 550 °C in oven and shortly used for the LSPR sensing in a drop (5 µL) of low and high concentrations of glucose (0.2-3.0 mg/mL) and 250 mg/mL, respectively. Since the biological buffers (e.g. PBS buffer) play an important role in the preparation of bio-reagents aliquots and (bio)functionalization of solid substrates, the nanoparticles stability is herein investigated. Thus, annealed NPs were not affected by the presence of PBS buffer for Au-4nm/8h NPs, ITO/Au NPs, and Au/ITO NPs samples. It is also observed, that both Au-4nm/8h NPs and ITO/Au NPs are sensitive to the environmental IR changes.

However, the ITO/Au hybrid NPs presented a more intensive plasmonic peaks than those of Au-4nm/8h NPs and could be further used in the construction of sensitive optical bacterial and viral biosensors.
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 1 Fig.1. Scheme of the monometallic NPs (Au) and hybrid NPs (Au-ITO) fabrication protocols.

Fig. 2 .

 2 Fig.2. Glass coverslips coated with the monometallic NPs (Au) and hybrid NPs (Au-ITO) after exposure to PBS buffer droplets for an overnight at 4 ℃.

Fig. 3 .

 3 Fig.3. Scheme of high-throughput LSRP sensing of glucose on annealed Au-4nm/8h NPs and ITO-20nm/Au-4nm NPs coverslips.

2. 7 .

 7 Statistic analyse SEM images were used to access the size distributions of annealed NPs using the Public Domain Image J software developed by the National Institutes of Health built-in program (Analyse Particles).
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 1 Characterization of annealed bare metallic NPs coated coverslips Microscopic (SEM, AFM) and optical (LSPR) characterization of annealed samples were performed for the surface morphology observation, height profile analysis and LSPR property collection. The SEM images (Fig 3 4(a1-a4)) show a homogeneous distribution of spherical-like NPs on annealed gold-coated coverslips, which is confirmed by the size distribution of the NPs. Specifically, as shown in Fig 4D the majority of Au-4nm/3h, Au-4nm/8h, ITO/Au NPs, and Au/ITO NPs present a diameter of 15 nm-25nm, 20nm-30nm, 25nm-30nm, and 30nm-40nm, respectively. It is noticed from the SEM imaging, compared with Au-4nm/3h NPs, the interparticle distances of Au-4nm/8h NPs are increased owing to longer period annealing time (8h). For the ITO/Au NPs, it can be clearly observed in Fig. 4(a3) the Au NPs are densely formed on the top of ITO NPs. On the contrary, for the Au/ITO NPs, more complex-shaped and tiny spherical ITO NPs are formed on the surface of Au NPs (Fig 4(a4)). Overall, the AFM images of these annealed-nanostructured samples confirm the homogeneity of NPs from the line profile analysis.

Fig. 4

 4 Fig. 4 SEM images (a1: Au-4nm/3h NPs, a2: Au-4nm/8h NPs, a3 ITO-20nm (1) NPs /Au-4nm (2)/16h NPs, a4: Au-4nm (1) NPs/ITO-20nm (2)/16h NPs, AFM images (b1: Au-4nm/3h NPs, b2: Au-4nm/8h NPs, b3 ITO-20nm (1) NPs /Au-4nm (2)/16h NPs, b4: Au-4nm (1) NPs/ITO-20nm (2)/16h NPs, and LSPR (C) characterizations of annealed samples (1: Au-4nm/3h NPs, 2:Au-4nm/8h NPs, 3: ITO-20nm (1) NPs/Au-4nm (2)/16h NPs (2), 4: Au-4nm (1) NPs /ITO-20nm (2)/16h NPs (2) 5: glass coverslips). (D) The size distribution of NPs 1: Au-4nm/3h NPs, 2: Au-4nm/8h NPs, 3: ITO-20nm (8h) NPs (1)/Au-4nm (8h) NPs (2), 4: Au-4nm (8h) NPs (1)/ITO-20nm (8h) NPs (2) (based on SEM images). Note: (1) and (2) is the order of annealed

Fig. 5 .

 5 Fig. 5. A) SEM (a1-a4) and (B) AFM (b1-b4) images of annealed NPs after overnight exposure to PBS buffer at 4 °C (a1, b1: Au-4nm/3h NPs; a2, b2: Au-4nm/8h NPs; a3, b3: ITO-20nm (1) 8h NPs (1)/Au-4nm (2) 8h NPs and a4, b4: Au-4nm (1) 8h NPs /ITO-20nm (2) 8h NPs, (C) The size distribution of NPs after exposure to PBS buffer (based on SEM images) (1: Au-4nm/8h NPs, 2: ITO-20nm (1) 8h NPs /Au-4nm (2) 8h NPs, 3: Au-4nm (1) 8h NPs/ITO-20nm (2) 8h NPs (D) line profile analysis (based on AFM) for the roughness evaluation of the NPs. . Note: (1) and (2) is the order of annealed materials (Au vs. ITO) on coverslips for 8h at 550 °C.

Fig. 6 .

 6 Fig. 6. LSPR characterizations of annealed NPs exposed to PBS buffer drops (A: Au-4nm/3h NPs, B: Au-4nm/8h NPs, C: ITO-20nm (1) 8h NPs /Au-4nm (2) 8h NPs, D: Au-4nm (1) 8h NPs /ITO-20nm (2) 8h NPs). Note: (1) and (2) is the order of annealed materials (Au vs. ITO) on

Fig. 7 .

 7 Fig. 7. Stability of LSPR spectra after 3 months at room temperature. (A) Au-4nm/8 NPs, (B) ITO-20nm (1) 8h NPs/Au-4nm (2) 8h NPs (2) and (C) Au-4nm (1) 8h NPs/ITO-20nm (2) 8h NPs. Note: (1) and (2) is the order of annealed materials (Au vs. ITO) on coverslips for 8h at 550 °C.

Fig. 8

 8 Fig.8 illustrates typical transmittance spectra showing the red-shift of the

Fig. 8 .

 8 Fig.8. Sensitivity test of annealed NPs (A: Au-4nm/8h NPs, B: ITO-20nm/Au-4nm

Fig. 9 .

 9 Fig.9. LSPR spectra (A,B) of different glucose concentrations and their corresponding calibration curves (C) based on maximum plasmoninc peak values recorded on Au-4nm/8h NPs (A) and ITO-20nm (1) 8h NPs /Au-4nm (2) 8h NPs (B) annealed coverslips at 550 °C with linear fits of calibration curves (D).

Table 1

 1 LSPR sensitivity performances of Au-4nm/8h NPs, ITO-20nm/Au-4nm NPs, and Au-4nm/ITO-20nm NPs after exposure to different RI environments. RIU=△λ max /△RI, and the △λ max is the shift of maximum resonant wavelength.

	Sample		Air	dd-water	25 % (w/v) glucose solution
		wavelength	544.64	563.34	564.67
	Au-4nm/8h NPs	Optical density	0.158	0.25	0.26
		S, nm/RIU a	-	56.67	44.33
		wavelength	570.59	589.97	592.18
	ITO-20nm/Au-4nm NPs	Optical density	0.22	0.27	0.29
		S, nm/RIU a	-	58.73	73.67
		wavelength	581.98	580.66	580.66
	Au-4nm/ITO-20nm NPs	Optical density	0.25	0.27	0.28
		S, nm/RIU a	-	-	-
	Note: a S, nm/				

μL drops PBS buffer (1x) overnight at 4 °C in a humid chamber petri dish. After

Acknowledgements:

The authors thank ANR Flash Covid-19 for funding AcOstoVie project (ANR-20-COVI-0080) and the Nanomat Champagne-Ardenne Regional Platform. P. Wang kindly thanks the Chinses Scholarship Council (CSC) for funding his Ph.D. scholarship in France (October 2019-April 2023).

Conflicts of interest:

The authors declare no conflict of interest.