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A conceptually novel coating
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strategy is presented based on the selective oligomerisation of picoliniumderived end-tethered polymer chains. The remarkably rapid and nearly quantitative liberation of the covalently tethered ligand makes this system a promising candidate for the construction of densely packed ''smart'' release interfaces.
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Efficient construction of a redox responsive thin polymer layer on glassy carbon and gold surfaces for voltage-gated delivery applications †

Introduction

Research on stimuli-responsive materials 1 is among the most active areas in materials science. 2 For example, in response to specific internal or external stimuli, the controlled delivery of substances, such as drugs, vitamins, nutrients, contrast agents for imaging, and genes, can be triggered. 2 Among the many fields of application, this method may increase drug-targeting efficiency by reducing the side effects/toxicity of the payloads, which are key factors for improving patient compliance in medical health care. 3 Electrochemical activation represents probably the most convenient and technologically the simplest approach for an accurate dose-controlled release of substances. 4 The large choice of controlling parameters, such as the applied potential, the magnitude of current, the duration of an electrical pulse or the interval between pulses, may allow precise control over the activation process. 5 The interest for redox-sensitive smart materials was sustained by the fact that they can be used in electronic circuits or adapted on-chip, or in related techniques. The latest developments have permitted (i) wireless monitoring of the patient's health and (ii) remotecontrolled drug delivery for in vivo applications. For instance, integrated microchips were used as implantable and wearable drug-releasing devices. 3 The ever-growing need in microelectronics and micro-fabrication emulate the development of such electrically enabled smart materials, with the need for solutions in miniaturization, remote power supply, and wireless control of delivering devices. 6 We present here a novel approach for the construction of a redox-sensitive smart system, 7 with a sequential growth of the polymer chains attached to the surface, in which electron deficient picoliniums act both as central elements for the formation of end-tethered oligomer chains and as working/fragmenting probes. 8 The oligomerisation is based on the Minisci-type reaction of aryl radicals to electron-deficient arenes: 9 according to the original observation, protonated pyridine derivatives undergo fast and selective o-and/or palkylation under redox alkylation conditions in the presence of in situ generated alkyl radicals. The scope of this reaction was extended to aryl radicals by Baran using arylboronic acids as radical precursors. 10 A chemically analogous transformation can be seen also in recent variants of the Meerwein arylation reaction, a Gomberg-Bachmann-type arylation, [11][12][13] in which the intermediate free-aryl radical is generated either under redox or, more recently, under photoelectron-transfer conditions from aryl diazonium compounds. 14,15 This electrontransfer mediated functionalization was advantageously used for the coating of electrode surfaces as well by applying a slight negative electrode potential (E red = -0.50 V vs Ag/AgCl) to induce the reduction of the corresponding diazonium salt, 16,[START_REF] Heinze | Aliphatic and Aromatic Hydrocarbons Reduction[END_REF]27 thus triggering a reaction with the surface Q4 (Fig. 1). 16,[START_REF] Delamar | [END_REF] 

Results and discussion

It was observed earlier, that N-methyl picolinium esters undergo efficient C-O bond cleavage by electron transfer, 23 releasing carboxylic acids, making this system an excellent candidate for the construction of voltage-gated releasing system. [START_REF] Delamar | [END_REF] In order to validate the concept, the synthesis of the smart surface on gold coated wafer (@Au) and glassy carbon electrode (@GC) was initiated by using a drug-mimicking fluorescent reporter (Scheme 1). In this system, the fluorescence of the covalently attached (''caged'') reporter is quenched when attached to the probe, while lights up when liberated, allowing monitoring and quantifying the release. The efficient energy transfer toward picolinium and also to the conductor/ semi-conductor surface resulting in fluorescence quenching was reported earlier. 23 According to earlier studies 23 the fragmentation follows a rather radical ionic than purely radical path thus affording stabilized distonic radical cation and carboxylate anion; the evolution of the reactive intermediate [START_REF] Halla | [END_REF] follows probably similar path to that described previously. 20 To make this system feasible, several conditions should be satisfied: (1) conditions used for the immobilization of the monomers should be compatible with the presence of the ''armed'' redox probes; (2) the addition of the aryl radical should be selective to the picolinium ring; [START_REF]Hydrogen abstraction of the aryl radical expected to give raise of hydrolytically unstable enol ethers; also, the addition of the radical to the ligand would quench the fluorescence[END_REF] (3) the chemical modification of the picolinium should not compromise the fragmentation ability; and (4) the electrode potential of the modified probe should be close to that of the unmodified one to avoid the sequential release of the ligand when activated.

Theoretical computations indicated that the electrochemical fragmentation of o-arylated picoliniums can be expected around E = À1.11 V vs. Ag/AgCl providing a convenient gap to find conditions for the electrochemical immobilization and activation (À0.50 V o E o À1.11 V vs. Ag/AgCl) (Scheme 2). Interestingly, according to the computation results, the oarylation does not modify the electrode-potential of the probe (Scheme 2). Indeed, the prediction of the standard redox potential in solution (DFT) based on the use of the Born-Haber cycle of the most stable conformers [START_REF] Frisch | [END_REF] yielded very similar values for model compound 2 and compound 1 the calculated first reduction potential of which was in good agreement with the experimental value. 23 The retrosynthetic assembly of the redox responsive thin polymer layer-monomer is highlighted in Scheme 3.

The pyrenebutyric acid ester and the azido ethyl chain were installed to picoline 3 by using a standard esterification/quaternisation sequence (Scheme 4). The protected p-ethynyl aniline, 5, was prepared in three steps starting from 4-iodoaniline. The prepared alkyne 5 was ''clicked'' to the azido-picolinium 4 by using Huisgen conditions affording 6 (75%), and finally the Boc group was removed by TFA. The electrochemical profile of the free aniline 7 was studied in solution by cyclic voltammetry on carbon electrodes, where the redox waves were better defined (ESI †). 25 Voltammetric peaks were assigned by comparison with those of purposely-synthesized subunits of the molecule (see in ESI †).

Diazonium salt, 8, was in situ generated from 7 in an electrochemical cell by using i-pentylnitrite as the diazotization reagent and n-Bu 4 NBF 4 (0.1 M) as the supporting electrolyte. The probe was immobilized on gold ‡ and GC electrodes, by applying a potential of À0.90 V vs. Ag/AgCl to reduce the diazonium salt, while avoiding the ester cleavage (see ESI †). [START_REF] Breton | [END_REF] Voltammograms were recorded on GC electrodes, which give better defined voltammograms, while grafting was performed on gold, which permits the recording of IRRA spectra). The immobilization is considered following earlier described paths: the dissociative ET results in the formation of aryl radical that first binds to the electrode surface, and then participates in chain elongation by consecutive C-H arylation, according to the Minisci path. After electrodeposition, electrodes were rinsed with ethanol under sonication and dried to give the coated materials 9@Au and 9@GC, respectively. Voltammograms before and after deposition of 7/9@GC are presented in Fig. 2.

As expected, the peak corresponding to the reduction of the aniline group, I red , has disappeared. In contrast, peaks II red and III red are detected on the coated electrode, supporting the reduction of the diazonium group of 8 (for the assignment of the fragment peaks see Table S1 in the ESI †). It is noteworthy that the intensity of peak III red is lower than that of II red . This fact can be explained by the fragmentation of the pyridinium derivative during the voltammetric cycle, when the potential reaches ca. À1.2 V. Integration of the voltammogram of 9@GC provided the surface concentration of G = 4.0 Â 10 À10 mol cm À2 of the grafted molecules. This value is in agreement with the G = 2.5-5.7 Â 10 À10 mol cm À2 reported for a monolayer of nitrophenyl groups on a very flat carbon surface. 16 The surface modification was characterized by IRRAS by comparing the spectra of 9@Au with that of the synthesized fragments (Fig. S5, ESI †). The most distinctive features are (i) the presence of the CQO band, located at 1743 cm À1 , (ii) the triazole signature that appears as two bands at 1690 and 1666 cm À1 for 7, at similar positions as that of grafted 9@Au, (iii) the aromatic ring vibrations at 1646 cm À1 of both picolinium and pyrene, and finally (iv) the C-H out-of-plane vibrations of the aromatic ring, located between 650 and 850 cm À1 , particularly the strong band of pyrene at 838 cm À1 . The presence of this C-H out of plane vibration band is particularly noteworthy as this band is very sensitive to substitution (this is a method to distinguish isomers); the fact that it is still present is a good indication that there is no attack on the pyrene. The IR spectra thus confirms the grafting of compound 7 on gold surface, without unwanted fragmentation/cleavage of the probe. The immobilization was also analyzed by XPS. The gold signal appeared strongly attenuated after the functionalization, while the carbon and oxygen content increased and a new peak, assigned to picolinium and triazole nitrogens appeared, indicating the coating by a polyaryl layer (see the survey spectrum in Fig. 3).

The peak fitting of the C1s signal displayed in the inset of Fig. 3 reveals the presence of all the components contained in the polyaryl layer. The intense peak at 285 eV is assigned to the presence of C-C and CQC bonds, the one at 286.8 eV is attributed to the C-O and C-N components, while the peak at 289.3 eV is due to the ester groups, confirming the grafting of the probe, without fragmentation. Moreover, the N1s signal is composed of two components, one at 400.4 eV corresponding to the presence of the triazole, and the one at 402.1 eV corresponding to the picolinium groups. The thickness of the grafted polyaryl layer was estimated by ellipsometry to be 8.8 AE 0.2 nm, thus indicating the formation of oligomers. The interface between the gold electrode and the grafted probe was studied by using Surface-Enhanced Raman Spectroscopy (SERS). For this study, the probe was grafted on gold nano-island films, prepared by sputtering 5 nm of gold on indium-tin-oxide (ITO) coated-glass substrates. The SERS spectrum (Fig. 4) was recorded after thorough ultrasonic cleaning of the substrate.

Several features are noteworthy: the intense NRN stretching of the diazonium group at ca. 2300 cm À1 is not observed any more indicating that the diazonium group of intermediate 8 was electrochemically removed. At the same time, one notices the appearance of a small peak at 410 cm À1 , assigned to the Au-C stretching vibration, 27 evidencing the covalent grafting of the aryl groups. Also, the strong band related to the stretching of aromatic CQC bonds can be observed in the SERS spectra in the 1577-1630 cm À1 range. Other bands associated to the pyrene reporter 28 (590 cm À1 , skeletal stretch; 1060 cm À1 , C-H in-plane bend; 1238 cm À1 , C-C stretch/C-H in-plane bend and 1410 cm À1 , C-C stretch/ring stretch) can be also recognized.

In order to simulate the SERS spectra of 9@Au, DFT calculations were performed. In this model a gold cluster with 20 atoms was used to simulate 9@Au. Fig. 4 shows the calculated structure and the simulated Raman spectrum; the Au-C bond length is estimated to be 2.317 Å with an Au-Au-C valence angle of 99.721. A good agreement is observed between the simulated Raman and the experimental SERS spectra, with the presence of both the pyrene bands and the Au-C peak at 409 cm À1 , confirming the covalent bonding of the aryl layers on the gold surface. The observed small peak frequency shifts can be attributed to the modification of the electronic structure of the grafted molecules by immobilization on the gold surface.

The modified gold plate and carbon electrodes, 9@GC and 9@Au, were subjected to reduction for 10 min, at À1.2 V/(Ag/ AgCl) in ACN, in the presence of n-Bu 4 BF 4 (0.1 M) (Fig. 5). The applied reduction potential corresponds to the reduction peak II red of the pyridinium group that induced the irreversible fragmentation of the pyrene ester from the probe. By analyzing the electrochemical response of the electrode, one can note the absence of any signal corresponding to the pyrene group (peak III red ), confirming the cleavage of the ester. It is worth mentioning that the electrochemical response of 7 (in solution) exhibits a reversible III red /III ox peak for pyrene (Fig. 2a), indicating the absence of cleavage of this group in the time lapse of one voltammogram cycle. In contrast, this reversibility is neither observed in 9@Au (Fig. 2b) nor in 9@GC (Fig. 5a), thus indicating that the cleavage is faster than the reverse ET (oxidation). Considering, that there is no diffusion (as probes are immobilized) it is possible to estimate 29 the rate of cleavage of the surface bonded pyrene group as k s B 0.3 s À1 from the height of the peaks of the pyrene group in the voltammogram of 9@GC, by using a simple first order kinetic relationship (Fig. 5). Note that the degraded reversibility of the anchored pyrene signal cannot be attributed to the protonation of the radical ionic intermediate by traces of water, as the voltammogram of pyrenebutyric acid is perfectly reversible under the same conditions in solution.

The surface was also studied by IRRAS after cleavage. Fig. 5 presents the IRRA spectra recorded before (bottom) and after (top) electrochemical reduction of 9@Au; the latter clearly shows the disappearance of the 1743 cm À1 (ester CQO stretch) and 1130 cm À1 (C-O stretch) bands corresponding to the ester group, as well as the characteristic pyrene band at 847 cm À1 . It is noteworthy that the 1650 cm À1 band, assigned to the picolinium group, is still present. This observation is in agreement with the cleavage between the picolinium and the pyrene (corresponding probably to the cleavage of the benzylic C-O bond, as was observed earlier). 23 The presence of the free pyrene-derivative in the electrolysate was evidenced by ), and was assigned to the formation of oligomers on the gold surface. Indeed, the G value obtained from the fluorescence correlation suggests the presence of n B 4 mers. Likewise, a G value of n B 4 mers was deduced in this experiment from ellipsometry, considering the ratio between the film thickness (8.8 nm) and the estimated monolayer thickness from molecular modeling (2.1 nm, see Fig. 4).

These results thus confirm the formation of oligomers on the electrode and also, the efficient fragmentation even at a relatively larger distance from the Au-grafting point.

Conclusions

The construction of ''smart'' interfaces on glassy carbon and gold electrodes was presented in which the electron deficient redox probe offers the fragmenting ability and plays key roles in the construction of surface-capped oligomers. Analytical data were consistent with the formation of a short, probably brushlike polyaryl layer of 4 mers, as was deduced from the ellipsometry and fluorescence measurements of the liberated reporter. This novel surface-building strategy can be considered as the first step towards the design of dense ''smart'' molecular interfaces with improved loading and fragmentation proprieties.

Experimental

HPLC analysis was carried out using a Water 515 device with a normal inverse phase column X-Terra MS C18 (length: 75 mm, diameter: 4.6 mm, stationary phase: 2.5 mm) using a Waters 2487 Dual Absorbance Detector (260-360 nm) and an isocratic system of elution (MeOH-MeCN-H 2 O 7-2-1/H 2 O AcONH 4 (10 mM) pH 4.6). The volume of injection was 10 mL.

Electrochemical experiments were performed using an EG&G 263A potentiostat/galvanostat and an Echem 4.30 version software. All potentials are referred to the Ag/AgCl electrode. The electrode for cyclic voltammetry was a glassy carbon (GC) rod (d = 2 mm diameter) sealed in glass. It was polished with different grades of polishing papers and finally with a 0.04 mm alumina slurry on a polishing cloth (DP-Nap, Struers, Denmark), using a Presi Mecatech 234 polishing machine. Grafting was achieved on Au coated (100 nm) Si wafers obtained from Sigma-Aldrich. Before modification, they were rinsed in concentrated sulfuric acid, ultrasonicated in Milli-Q water for 6 min, cleaned with pure ethanol, and dried under a stream of argon. For the formation of the diazonium salt 8, the ammonium salt, 7, was dissolved in ACN + 0.1 M n-Bu 4 BF 4 (c = 2 mM). Isopentylnitrite (c = 2.4 mM) was then added and let to react for 30 min before the experiments started. All the electrochemical experiments were performed in ACN + 0.1 M n-Bu 4 BF 4 , deoxygenated with argon.

The IRRA and ATR Spectra of modified plates were recorded using a purged (low CO 2 , dry air) Jasco FT/IR-6100 Fourier Transform InfraRed Spectrometer equipped with MCT (mercury-cadmium-telluride) detector. For each spectrum, 1000 scans were accumulated with a spectral resolution of 4 cm À1 . The background recorded before each spectrum was that of a clean substrate. ATR spectra were recorded with a germanium ATR accessory (Jasco ATR PR0470-H). X-ray photoelectron spectra were recorded using a Thermo VG Scientific ESCALAB 250 system fitted with a microfocused, monochromatic Al Ka X-ray source (1486.6 eV) and a magnetic lens, which increases the electron acceptance angle and hence the sensitivity. The pass energy was set at 150 and 40 eV for the survey and the narrow regions, respectively. The Avantage Software, version 4.67, was used for digital acquisition and data processing. The spectra were calibrated against C1s set at 285 eV. The thicknesses of the films on Au were measured using a mono wavelength ellipsometer Sentech SE400. The following values were taken for gold ns = 0.17, ks = 3.43; they were measured on the clean surfaces before grafting. The film thicknesses were determined from the same plates after modification, taking ns = 1.46, ks = 0 for the organic layer. Raman spectra were recorded using an XploRA confocal Raman instrument (HORIBA Jobin Yvon) with a 638 nm laser as the source, in backscattering mode. All spectra were taken with a 3 s integration time and recorded within the 120-1750 cm À1 spectral range. The grafted Au 20 mono charged gold cluster 9@Au was modeled and used to calculate the Raman spectra. Calculations were performed with Dmol3 through generalized gradient approximations (GGE) using PBE functional 30 and DNP basis set (all electron core treatment). Self-consistent iteration method (SCF) 31 was used for geometry optimization (1000 iteration steps, using energy convergence of 2.0 e À5 eV per atom).

The theoretical calculation of the standard redox potential in solution is based on the use of the Born-Haber cycle. All theoretical calculations were performed using the Gaussian software. § The geometry optimizations were performed using B3LYP functional in combination with 6-311+g(d,p) basis set. The dispersion correction was performed based on the Grimme's Dispersion DFT-D3 model. Solvent effects (acetonitrile) were included via the integral equation formalism variant (IEFPCM) approach. 32 55 § All theoretical calculations were performed using the Gaussian software. [START_REF] Frisch | [END_REF] The geometry optimizations were performed using B3LYP functional in combination with the 6-311+g(d,p) 

Materials Advances Paper

Synthetic procedures 1-(Pyridin-4-yl)ethyl 4-(pyren-1-yl)butanoate (3). In a twonecked flask under argon, 1-(pyridin-4-yl)ethan-1-ol 23 (0.200 g, 1.22 mmol, 1.1 eq.) and 4-(1-pyrenyl)butyric acid (0.320 g, 1.10 mmol, 1 eq.) were dissolved in DCM (4 ml). At 0 1C N-(3dimethylaminopropyl)-N 0 -ethylcarbodiimide salt (EDCÁHCl) (0.421 g, 2.2 mmol, 2 eq.), and DMAP (catalytic amount) were added and the reaction mixture was stirred for 24 h. The solvent was removed under vacuum and the crude product was purified using chromatography on a silica gel column (DCM/MeOH, 9/1) to obtain the title compound (0.270 g, 63%).

NMR 1 H (CDCl 3 , 500 MHz): d 8.57 (2H, dd, J = 4.5, 1.5 Hz), 8. 28-8.25 (1H, m), 8.17 (2H, d, J = 8 Hz), 8.10 (2H, t, J = 8 Hz), 8.03 (2H, s), 8.00 (1H, t, J = 7.5 Hz), 7.85 (1H, m), 7.23-7.22 (2H, m), 5.86 (1H, q, J = 6.5 Hz), 3.40 (2H, t, J = 7.5 Hz), 2.54-2.50 (2H, m), 2.22 (2H, qn, J = 6.5 Hz), 1.52 (3H, d, J = 6.5 Hz). NMR 13 C (CDCl 3 , 125 MHz): d 172. 6, 150.6, 150.3, 150.2, 135.6, 131.6, 131.0, 130.2, 129.3, 128.9, 127.6, 127.5, 127.0, 126.0, 125.3, 125.1, 125.0, 123.3, 122.0, 120.8, 70.9, 34.1, 32.8, 26.7, 22.11 4). 1-(Pyridin-4-yl)ethyl 4-(pyren-1-yl)butanoate (0.200 g, 0.50 mmol, 1 eq.) and 2-azidoethyl trifluoromethanesulfonate (0.144 g, 0.66 mmol, 1.3 eq.) were dissolved in DCM (1 ml) and stirred at rt for 16 h in a flask that was covered by aluminum sheets, in a way to protect the reaction mixture from light. After evaporation to dryness the crude product was purified using column chromatography on silica gel (DCM/MeOH 95/5) to obtain 4 (0.244 g, 0.53 mmol, quant.).

NMR 1 H (CDCl 3 , 500 MHz): d 8.69 (2H, d, J = 6.5 Hz), 8.25 (1H, d, J = 9 Hz), 8.17 (2H, d, J = 8 Hz), 8.11-8.09 (2H, m), 8.03-7.98 (3H, m), 7.84 (1H, d, J = 8 Hz), 7.64 (2H, d, J = 6.5 Hz), 5.7 (1H, q, J = 6.8 Hz), 4.69-4.66 (2H, m), 3.93 (2H, t, J = 5.5 Hz), 3.48-3.40 (2H, m), 2.55 (2H, t, J = 7.5 Hz), 2.24 (2H, qn, J = 7.5 Hz), 1.65-1.55 (2H, m), 1.46 (3H, d, J = 6.5 Hz). NMR 13 C (CDCl 3 , 125 MHz): d 172. 2, 161.9, 145.2, 135.2, 131.5, 131.0, 130.2, 129.4, 128.9, 128.0, 127.7, 127.6, 127.0, 126.2, 125.7, 125.2, 125.1, 125.0, 124.6, 123.3, 69.9, 60.5, 50.7, 33.8, 32.7, 26.4, 21.7 

)amino)phenyl)-1H-1,2,3- triazol-1-yl)ethyl)-4-(1-((4-(pyren-1-yl)butanoyl)oxy)ethyl)- pyridin-1-ium trifluoromethanesulfonate (6). 1-(2-Azido- ethyl)-4-(1-((4-(pyren-1-yl)butanoyl)oxy)ethyl)-pyridin-1-ium tri- fluoromethanesulfonate 4 
(0.200g, 0.32 mmol), tert-butyl (4ethynylphenyl)carbamate, 5 (0.106 g, 0.48 mmol) and CuI (0.006 g, 10% mol) were dissolved in ACN (1 ml). The reaction mixture was stirred for 20 h at rt. After evaporation to dryness the crude product was purified using column chromatography on silica gel (DCM/MeOH 95/5) to obtain 6 (0.204 g, 0.24 mmol, 75%).

NMR 1 H (CDCl 3 , 500 MHz): d 8.53 (2H, d, J = 6.8 Hz), 8.17 (1H, d, J = 9.5 Hz), 8.10 (2H, d, J = 7.5 Hz), 8.05-8.01 (3H, m), 7.95-7.92 (3H, m), 7.75 (1H, d, J = 8 Hz), 7.57 (2H, d, J = 8.5 Hz), 7.51 (2H, d, J = 6.5 Hz), 7.30 (2H, d, J = 8.5 Hz), 6.73 (1H, s), 5.60 (1H, q, J = 6.5 Hz), 5. 15-5.12 (2H, m), 5.00-4.98 (2H, m), 3.37-3.24 (2H, m), 2.44 (2H, t, J = 7 Hz), 2.12 (2H, qn, J = 7 Hz), 1.48 (9H, s), 1.32 (3H, d, J = 6.5 Hz). NMR 13 C (CDCl 3 , 125 MHz): d 172. 1, 161.9, 152.9, 148.0, 146.9, 145.1, 138.8, 135.3, 131.4, 130.9, 130.1, 128.8, 127.6, 127.5, 126.9, 126.4, 126.1, 125.1-124.7 (7C), 123.3, 122.0, 119.4, 69.8, 60.3, 36.4, 33.7, 32.6, 28.5, 26.3, 21.5, 14.9 (7). Compound 6 (0.195 g, 0.23 mmol, 1 eq.) was dissolved in 1 ml DCM and TFA (0.360 ml, 4.7 mmol, 20 eq.) was added. The mixture was allowed to stir at rt for 12 h. After evaporation to dryness the product was filtered using silica gel to obtain the desired compound (0.133 g, quant.).

NMR 1 H (CDCl 3 , 250 MHz): d 8.55 (2H, d, J = 6.8 Hz), 8.32 (1H, s), 8.13 (1H, d, J = 6.8 Hz), 8.05 (2H, d, J = 8.3 Hz), 8.00-7.85 (7H, m), 7.71 (3H, m), 7.41 (2H, d, J = 8.5 Hz), 5.65 (1H, q, J = 6.8 Hz), 5.01 (4H, m), 3.26-3.17 (2H, m), 2.45 (2H, t, J = 7 Hz), 2.04 (2H, qn, J = 7 Hz), 1.35 (3H, d, J = 6.8 Hz). NMR 13 C (CDCl 3 , 125 MHz): d 173. 7, 164.0, 149.4, 146.2, 136.9, 132.8, 132.2, 131.4, 129.9, 128.7, 128.6, 128.4, 127.9, 127.7, 127.3, 127.1, 126.1-125.9 (5C), 124.4, 124.2, 123.1, 122.4, 119.0, 71.4, 61.3, 50.9, 34.5, 33.5, 27.6, 21. 

Immobilisation on GC and gold-coated electrodes

The diazonium salt was prepared in situ, inside the electrochemical cell, from the aniline precursor, 7, by adding isopentyl nitrite (1.2 eq.) to the ACN + n-Bu 4 NBF 4 (0.1 M) electrolytic solution. The formed diazonium compound was not isolated and was used without further purification. A GC or gold plate was introduced, respectively, as the cathode in the cell and the solution was thoroughly deoxygenated with argon. 20 voltammograms were recorded between À0.5 and +1.5 V/(Ag/AgCl). Plates were then rinsed with ethanol using sonication for 280 s and dried. 

Fig. 1 C 23 Scheme 3

 1233 Fig. 1 C-H bond arylation of electron-deficient heterocycles.

Scheme 4

 4 Scheme 4 Synthesis of the aryl diazonium monomer(8).

Fig. 2

 2 Fig. 2 (a) Cyclic voltammogram of 7, before immobilization on a GC electrode (c = 2 mM, v = 0.1 V s À1 , ref Ag/AgCl) in ACN + n-Bu 4 NBF 4 (0.1 M). (b) Cyclic voltammogram of 9@GC, after immobilization on a glassy carbon electrode (v = 0.1 V s À1 , ref Ag/AgCl) in ACN + n-Bu 4 NBF 4 (0.1 M).

Fig. 3

 3 Fig.3XPS survey spectra of 9@Au and bare Au electrodes. The insets show the C1s and N1s high resolution spectra of 9@Au.

Fig. 4

 4 Fig.4SERS spectrum of 9@Au. Laser excitation at 633 nm. The inset shows the optimized structure of 9@Au 20 used to compute the Raman spectrum (on the top) and experimental SERS spectrum of 9@Au (on the bottom).

Fig. 5

 5 Fig. 5 (a) Cyclic voltammogram of the cleaved 9@GC, obtained by applying a reduction potential of À1.2 V to the electrode (10 min); (b) IRRA spectra of 9@Au before and after cleavage; (c) schematic representation of the fragmentation by electrochemical reduction at À1.2 V (NB: counter ion was omitted for clarity).

  . MS (ESI): m/z =680.1 [M] + . HRMS (ESI): m/z calcd for [C 42 H 42 O 4 N 5 ] + 680.3231, found 680.3224. 1-(2-(4-(4-Ammoniophenyl)-1H-1,2,3-triazol-1-yl)ethyl)-4-(1-((4-(pyren-1-yl)butanoyl)oxy)ethyl)pyridin-1-ium

  7. MS (ESI): m/z =581.1 [M] + . HRMS (ESI): m/z calcd for [C 37 H 35 O 2 N 5 ] + 581.2780, found 581.2771.
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  basis set. The dispersion correction was performed based on Grimme's Dispersion DFT-D3 model. Solvent effects (acetonitrile) were included via the integral equation formalism variant (IEFPCM) approach.
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  . MS (ESI): m/z =394.1 [M + H] + . HRMS (ESI): m/z calcd for [C 27 H 23 O 2 N] + 393.1729, found 393.1735.

	1-(2-Azidoethyl)-4-(1-((4-(pyren-1-
	yl)butanoyl)oxy)ethyl)pyridin-1-ium trifluoromethanesulfonate
	(

  . MS (ESI): m/z =463.4 [M] + . HRMS (ESI): m/z calcd for [C 29 H 27 O 2 N 4 ] + 463.2129, found 463.2137.

	1-(2-(4-(4-((tert-Butoxycarbonyl

‡ Gold plated silicon wafers were selected as support due to their reflective properties, facilitating the characterization by infra-red reflection-absorption spectroscopy (IRRAS) and ellipsometry.)[START_REF]Au coated (100 nm) Si wafers[END_REF] 2021 The Author(s). Published by the Royal Society of Chemistry Mater. Adv., 2021, 00, 1À8 | 3
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