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We present a layer-by-layer functionalization of gold 1 nanorods (GNRs) by polyelectrolytes in order to control 2 precisely the spacer surrounding the metallic nanoparticles 3 but also to modulate its plasmonic properties. Alternate 4 functionalization with negatively and positively charged 5 polyelectrolytes ensures a 2 nm step control of the spacer 6 from 0 nm up to 10 nm, depending on the number of layers. 7 Such process changes the local refractive index and thus 8 induces a red shift of the surface plasmon resonance. Both 9 solution and solid samples were studied. 10
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Gold nanorods with specific aspect ratio were prepared 64 by a modified "seed mediated growth method" using binary 65 surfactant mixtures. 20 In this synthesis procedure, sodium 66 oleate (NaOL) is combined with CTAB and thus achieves a 67 greater tunability of GNRs dimensions. This anionic 68 surfactant has a double bond that allows the reduction of the 69 gold salt in the absence of other reducers, in this case 70 ascorbic acid (AA), so a lower molar ratio of gold:AA is 71 used compared to the original method. The mixture of 72 CTAB and NaOL also enables the use of lower 73 concentration of surfactant in the reaction. 15 
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The reaction has two steps. First, a small quantity of 75 gold salt is reduced using sodium borohydride as a strong 76 reducing agent in order to create small gold nanospheres 77 called "seeds", which will be used as cores of the gold 

  59 characterize the layer-by-layer deposition and the evolution 60 of the colloidal stability over the process. Extinction 61 spectroscopy is used to show the spectral shift observed 62 over the LSPR bands during the layer-by-layer process.
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 2 Figure 2. Evolution of the zeta potential of hybrid nanoparticles, starting from naked GNRs (0 layer) to three layers of polyelectrolytes.
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 14 Figure 1. a) Extinction spectrum of synthesized gold nanorods. Insert shows the size distribution measured on 1034 nanoparticles; b) SEM image of the corresponding gold nanorods. Scale bar represents 100 nm.
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 3 Figure 3. Extinction spectra of functionalized GNRs from 1 to 4 layers of polyelectrolytes. S0 is referred to the synthesized GNRs. Insert shows the evolution of the observed spectral shift with the estimated refractive index.
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  can be used to ensure space between GNRs. So we prepared 3 GNRs-1L and deposited a diluted solution by the droplet 4 method on a silicon wafer to perform atomic force 5 microscopy (AFM). Keep in mind that a single PSS layer is 6 2 nm thickness. Figure4shows the distance measurement 7 between side-by-side and head-to-head dimers. The average 8 gap value between two GNRs is 8 nm which clearly 9 indicates that the PSS layer induces repulsive forces 10 between the nanoparticles. It means that polyelectrolytes 11 functionalization prevents the aggregation in solution but 12 also modulates the gap between deposited nanoparticles 13 which is very important when dealing with inter-14 nanoparticles' coupling. AFM measurement with more than 15 one layer was not possible due to the quantity of polymer 16 surrounding the GNRs which pollutes the AFM tip and 17 makes imaging complicated. Looking at the study of 18 Möhwald and co-workers 21 , a single layer of polyelectrolyte 19 is 2 nm thick, two layers are 4 nm thick and three layers are 20 6 nm thick. Considering these layers thickness and the 21 repulsive forces, we can estimate the distance between two 22 GNRs-2L and two GNRs-3L to be over 8 and 12 nm 23 respectively, when deposited on substrate. 24 To go further, multi-layered GNRs were deposited on 25 glass substrates to allow absorption measurements on solid 26 sample. Prior to the deposition, the glass slide was washed 27 using first ethanol and secondly oxygen plasma cleaner. 28 Then we deposit 50 µL of high concentrated solution of 29 layered GNRs by the droplet method and we waited until 30 the complete solvent evaporation. Figure 5 shows the 31 absorption spectra obtained on different glass slides where 32 GNRs from zero layer to four layers of polyelectrolytes 33 were deposited. There are two main observations. First of all, 34 we observed the same behavior as the solution samples. The 35 longitudinal LSPR band is optically red-shifted as long as 36 we increase the number of polyelectrolytes layers 37 surrounding the GNRs, meaning as long as the local 38 refractive index increases. In contrast with the solution chemistry and biology, ed. by Imperial College Press, 2012. 6 4 M. Salbini, T. Stomeo, C. Ciraci, R. Fiammengo, V. Mangini, A. 7 Toma, F. Pisano, F. Pisanello, T. Verri, D. R. Smith, M. DE 8 Vittorio, Optical Materials Express 2020, 10, 1264.
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