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Redox-Active Carbohydrate-Coated Nanoparticles: Self-Assembly of a Cyclodextrin-Polystyrene Glycopolymer with Tetrazine-Naphthalimide

The controlled self-assembly of precise and well-defined photochemically and electrochemically active carbohydrate-coated nanoparticles offers the exciting prospect of biocompatible catalysts for energy storage/conversion and biolabeling applications. Here an aqueous nanoparticle system has been developed with a versatile outer layer for host-guest molecule encapsulation via β-cyclodextrin inclusion complexes. A β-cyclodextrin-modified polystyrene polymer was first obtained by copper nanopowder click chemistry. The glycopolymer enables self-assembly and controlled encapsulation of tetrazine-naphthalimide, as a model redox-active agent, into nanoparticles via nanoprecipitation. Cyclodextrin hostguest interactions permit encapsulation and internanoparticle cross-linking for the formation of fluorescent compounds and clustered self-assemblies with chemically reversible electroactivity in aqueous solution. Light scattering experiments revealed stable particles with hydrodynamic diameters of 138 and 654 nm for nanoparticles prepared with tetrazine, of which 95% of the nanoparticles represent the smaller objects by number. Dynamic light scattering revealed differences as a function of preparation method in terms of size, 3-month stability, polydispersity, radius of gyration, and shape factor. Individual self-assemblies were visualized by atomic force microscopy and fluorescence microscopy and monitored in real-time by nanoparticle tracking analysis. UV-vis and fluorescence spectra provided insight into the optical properties and critical evidence for host-guest encapsulation as evidenced by solvachromatism and enhanced tetrazine uptake. Cyclic voltammetry was used to investigate the electrochemical properties and provided further support for encapsulation and an estimate of the tetrazine loading capacity in tandem with light scattering data. 50 ides (maltoheptaose, 10 dextrans, 9,11 and amylose 12 with 51 synthetic polymers such as polystyrenes, 9-13 poly(ε-52 caprolactone)s, 14 poly(ethylene glycol)s 15 and poly(methyl 53 methacrylate)s 16 ). Amphiphilic block copolymer formation is 54 generally achieved using combinations of controlled living 55 radical polymerizations, transition-metal-mediated coupling 56 chemistry, and tedious purification procedures. 7 Many methods 57 report the self-assembly of amphiphilic block copolymers into 58 nanoparticles by direct dissolution into a selective solvent for 59 one of the block moieties. 9,11,17,18 However, with this approach 60 it is difficult to avoid random aggregation and control particle 61 size at the nanoscale. Clever manipulation strategies involving 62 indirect dissolution methods such as nanoprecipitation facilitate 63 the preparation of well-defined micellar nanoparticles with

■ INTRODUCTION

The development of biocompatible nanoassembled particles with controlled chemical and physical properties has attracted significant attention for applications such as imaging, biosensing, drug delivery, and biocatalysis. 1,[START_REF] Nicolas | Functionalization Strategies and Biomedical Applications of Targeted Biodegradable/Biocompatible Polymer-Based Nanocarriers for Drug Delivery[END_REF] Nanoparticles such as micelles capable of carrying and delivering redox molecules in a selective manner have shown great benefits including enhanced bioavailability, [START_REF] Qu | Carbohydrate-Based Micelle Clusters which Enhance Hydrophobic Drug Bioavailability by up to 1 Order of Magnitude[END_REF] stimuli-responsiveness, [START_REF] Li | Polymeric Assemblies and Nanoparticles with Stimuli-Responsive Fluorescence Emission Characteristics[END_REF] and reduced toxicity. [START_REF] Farokhzad | Targeted Nanoparticle-Aptamer Bioconjugates for Cancer Chemotherapy in vivo[END_REF] However, polymer synthesis and particle assembly methods are often complicated and time-consuming. 6 Furthermore, challenges remain for in vivo and in vitro applications including solubility and stability issues.

The preparation of amphiphilic glycopolymers provides a route to biocompatible and bioinspired nanoparticles but remains relatively undeveloped because of their tricky preparation with many synthesis steps. [START_REF] Xu | Unimolecular Micelles of Amphiphilic Cyclodextrin-Core Star-like Block Copolymers for Anticancer Drug Delivery[END_REF][START_REF] Zhang | Silica-Based Nanocapsules: Synthesis, Structure Control and Biomedical Applications[END_REF][START_REF] Kakuchi | Glycoconjugated Polymer. 4. Synthesis and Aggregation Property of Well-Defined End-Functionalized Polystyrene with β-Cyclodextrin[END_REF] Several groups have now reported on the preparation and self-assembly of block copolymers containing polysaccharides and oligosacchar-UV-vis absorption spectra were recorded in quartz cuvettes using a PerkinElmer UV-Lambda 650 spectrophotometer, and fluorescence spectra were recorded using a PerkinElmer LS50.

Synthesis of β-Cyclodextrin-Modified Polystyrene Polymer.

The amphiphilic glycopolymer was obtained by click chemistry. The first step was to functionalize each block: the hydrophobic block, ωhydroxyl-terminated polystyrene, was functionalized to form ω-azidoterminated polystyrene via the ω-tosyl terminated polystyrene intermediate with an overall yield of 75% according to the method of Fallais and co-workers. 31 The hydrophilic block, native βcyclodextrin, was monofunctionalized into mono-6-alkyne-β-cyclodextrin via the mono-6-tosyl-β-cyclodextrin intermediate with an overall yield of 7% according to the procedure developed by Moutard. 32,33 Both blocks with their complementary chemical functions (alkyne and azido) were subsequently linked together via a click reaction in heterogeneous media catalyzed by Cu nanopowder 34,35 to obtain the β-cyclodextrin-modified polystyrene polymer (M n = 4900 g mol -1 , PDI = 1.01) (Scheme S1). To perform the click reaction, a degassed solution containing the azido-functionalized polystyrene (1 equiv, 8.1 g, 1.8 × 10 -3 mol) and the alkynylfunctionalized cyclodextrin (1.2 equiv, 2.7 g, 2.2 × 10 -3 mol) in DMF was first prepared. An excess of Cu nanopowder (1.8 equiv, 260 mg, 3.2 × 10 -3 mol) was added to the solution and the mixture stirred under Ar at 65 °C for several hours until the azide 1 H NMR signal disappeared. At the end of the reaction, the crude heterogeneous mixture was filtered off under diatomaceous earth, and the obtained filtrate was stirred several hours in the presence of the Cuprisorb resin.

The mixture was finally precipitated in cold MeOH to give a white powder with a yield of 90% (mass = 8 g). The modified polymer structure was confirmed using NMR and MALDI analysis (Figure S1).

Preparation of PS-CD NP and PS-CD-Tz NP Nanoparticles via

Nanoprecipitation. Polymer solutions were prepared by dissolving either 5 mg of PS-CD or 5 mg of PS-CD together with 1 mg of tetrazine in 5 g of a THF/H 2 O solution (80:20 v/v %, unless otherwise stated). For nanoprecipitation by method A, 1 g of the PS-CD solution was slowly added dropwise to 40 g of Milli-Q water under stirring at 500 rpm at room temperature. For nanoprecipitation by method B, 40 g of water was slowly added to 1 g of the PS-CD solution under stirring at 500 rpm at room temperature. The solutions were subsequently stirred at 500 rpm at room temperature for 1.5 h and then preconcentrated to 4 g by evaporation under reduced pressure at 50 °C using a rotary evaporator. The nanoparticle suspensions were stored at room temperature in the dark.

Static Light Scattering (SLS)/Dynamic Light Scattering (DLS). Light scattering measurements were performed using an ALV/CGS-8FS/N069 goniometer with an ALV/LSE-5004 multiple-τ digital corrector with a 125 ns initial sampling time and a 35 mW red HeNe linearly polarized laser operating at λ = 632.8 nm. Nanoparticle suspensions were loaded into 10-mm-diameter quartz cells thermostated at 25 ± 0.1 °C. Data were collected using the digital ALV correlator control software at observation angles relative to the transmitted beam of 90/150°(scattering vector moduli 1.87 × 10 -2 / 2.56 × 10 -2 nm -1 ) for a counting time of typically 180 s. In DLS measurements, relaxation time distributions were determined using a Contin analysis of the autocorrelation functions. Polydispersity values were calculated from the cumulant analysis of the DLS autocorrelations (g [START_REF] Nicolas | Functionalization Strategies and Biomedical Applications of Targeted Biodegradable/Biocompatible Polymer-Based Nanocarriers for Drug Delivery[END_REF] -1).

Diffusion coefficients were obtained from eq 1 where D is the diffusion coefficient, τ is the relaxation time, and q is the modulus of the scattering vector:

τ = D q 1 2 (1) 
Hydrodynamic diameters, D h , were calculated using the Stokes-Einstein equation (eq 2), where K B is the Boltzmann constant, T is the temperature, η is the medium viscosity, and D is the diffusion coefficient:

πη = D K T D 3 h B (2)
The percentage of small nanoparticles was calculated using eq 3, assuming that the nanoparticles behave like hard spheres in water and have the same density, where N small refers to the number of small nanoparticles (fast relaxation mode), τ small is the relaxation time corresponding to the small nanoparticles, and S small is the surface area under the peak related to the small nanoparticles: 36

τ τ = ⎛ ⎝ ⎜ ⎞ ⎠ ⎟ ⎛ ⎝ ⎜ ⎜ ⎞ ⎠ ⎟ ⎟ N N S S small big big small 3 small big (3) 
For SLS measurements, scattering intensities were corrected by the background solvent signal. The diameter of gyration, D g , was determined from eq 4, where n is the number of repetitive units and b is the Kuhn length:

= ⎛ ⎝ ⎜ ⎞ ⎠ ⎟ D nb 2 6 g 2 0.5 (4) 
Electrochemistry. Electrochemical measurements were performed at room temperature using an Eco Chemie Autolab PGSTAT 100 potentiostat running GPES 4.9 software. A conventional threeelectrode cell setup was used for all electrochemical experiments comprising a glassy carbon working electrode (GC, 3 mm diameter), a saturated calomel reference electrode (SCE), and a Pt wire counter electrode. The concentration of tetrazine-naphthalimide was estimated according to the Randles-Sevcik equation (eq 5) where I p is the peak current, n is the number of electrons transferred in the redox event, F is the Faraday constant, C is the concentration of electroactive species, D is the diffusion coefficient (here estimated from dynamic light scattering), A is the geometric electrode area, ν is the scan rate, R is the gas constant, and T is room temperature:

ν = ⎜ ⎟ ⎛ ⎝ ⎞ ⎠ I nFAC nF D RT p 0.5 (5) 
Nanoparticle Tracking Analysis (NTA). NTA was carried out using a Nanosight LM10HS optical microscope setup equipped with a blue-purple laser (λ ex = 405 nm), a camera, and a chamber mounted on a modified microscope stage (Nanosight, Amesbury, U.K.). The original suspensions of nanoparticles were diluted with Milli-Q water and introduced into the chamber with a syringe. Video clips of the nanoparticles subjected to their natural Brownian motion were captured over 60 s at 25.0 °C and analyzed using analytical software version 2.1, giving access to the number-weighted size distributions. (See the Supporting Information for 10 s video clips.) Atomic Force Microscopy (AFM). Twenty microliters of a nanoparticle suspension was dropped onto a Si(100) substrate, and the sample was left to dry at room temperature overnight in a desiccator. AFM measurements were performed using a Dimension Icon (Bruker, Santa Barbara, CA) with SCANASIST-Air (Bruker, Santa Barbara, CA) probes in peak-force mode with a scan rate of 1 Hz. The data was processed using Gwyddion 2.41 microscope software.

Fluorescence Microscopy. Twenty microliters of a nanoparticle suspension was dropped onto a Si(100) substrate, and the sample was left to dry at room temperature overnight in a desiccator. Fluorescence microscopy images were recorded using an Olympus BX61 microscope coupled with an Olympus DP30BW camera and CellP imaging software. A DAPI (4′,6-diamidino-2-phenylindole) filter set was used: DAPI with λ ex = 340-380 nm and λ em = 450-490 nm. Images were recorded with an exposure time of 500 ms.

■ RESULTS AND DISCUSSION

For the preparation of nanoparticles in aqueous solution via nanoprecipitation, we focused our initial studies on optimizing the solvent system for both blocks of the PS-CD glycopolymer. Tetrahydrofuran was chosen as the organic solvent because of its good solubility toward polystyrenes and Tz, water miscibility, and good evaporation rate. Static light scattering Figure 2A shows the DLS autocorrelation function (g [START_REF] Nicolas | Functionalization Strategies and Biomedical Applications of Targeted Biodegradable/Biocompatible Polymer-Based Nanocarriers for Drug Delivery[END_REF] -1) 305 and relaxation time distribution for the PS-CD NP suspensions. 306 For PS-CD NP prepared by methods A (Figure 2Ai) and B 307 (Figure 2Aii), unimodal distributions of relaxation times were 308 observed corresponding to mean hydrodynamic diameters of 309 D h = 240 and 378 nm with polydispersities of Đ = 1.34 and 310 1.45, respectively. The particles prepared by method A are 311 therefore smaller and less polydisperse than those prepared by 312 method B. The PS-CD NP particles prepared by method A are 313 comparable in size to previously reported compound micelles 314 with D h ≈ 160 nm prepared by the self-assembly of 315 polystyrene-containing diblock polymers. [START_REF] Otsuka | Self-Assembly of Maltoheptaose-block-Polystyrene into Micellar Nanoparticles and Encapsulation of Gold Nanoparticles[END_REF][START_REF] He | Controlled Drug Release System Based on Cyclodextrin-Conjugated Poly(lactic acid)-b-Poly(ethylene glycol) Micelles[END_REF] Figure 2B 316 shows the DLS autocorrelation function (g [START_REF] Nicolas | Functionalization Strategies and Biomedical Applications of Targeted Biodegradable/Biocompatible Polymer-Based Nanocarriers for Drug Delivery[END_REF] -1) and 317 relaxation time distribution for the PS-CD-Tz NP suspensions 318 prepared by methods A (Figure 2Bi) and B (Figure 2Bii). The 319 relaxation time distribution plots, reflecting mass-weighted 320 distributions, show the appearance of two particle sizes for PS-321 CD-Tz NP . The PS-CD-Tz NP suspension obtained by method B 322 exhibits greater polydispersity (Đ = 1.43) and contains 323 microscale particles (D h = 2940 nm). In contrast, smaller 324 nanoparticles with a lower polydispersity (Đ = 1.32) are 325 obtained by method A, and thus this method of nano-326 precipitation was adopted for further analysis.

327

The smaller particle size of D h = 138 nm observed for PS-328 CD-Tz NP prepared by method A is attributed to small self-329 assemblies that have decreased in size compared to the PS-330 CD NP nanoparticles prepared by the same method as a result of 331 the encapsulation of Tz molecules and the shrinking of the 332 more hydrophobic core. A change in self-assembly behavior of 333 the PS-CD polymer in the presence of Tz was expected because 334 the cone-shaped hydrophobic cavities of the β-cyclodextrin 335 groups drive the 1:1 inclusion of guest Tz molecules via 1,8-naphthalimide (equatorial inclusion) and 1,2,4,5-tetrazine groups. 29,37 A decrease in size with encapsulation has previously been reported for self-assembled nanoparticles with encapsulated hydrophobic molecules. [START_REF] He | Controlled Drug Release System Based on Cyclodextrin-Conjugated Poly(lactic acid)-b-Poly(ethylene glycol) Micelles[END_REF] The larger nanoparticles of PS-CD-Tz NP with D h = 654 nm, observed only after self-assembly in the presence of Tz, are attributed to nanoparticle clusters. surprising given that (i) NTA gives access to number-weighted distributions of which only ∼4.9% are the clusters and (ii) only a few nanoparticles are imaged, as can be seen in Figure S3 and the video clips.

Further analysis of the DLS and SLS scattering data was performed to shed light on the shape of the nanoparticles. First, the diameter of gyration, D g , was determined from SLS angular f4 dependence experiments via Guinier plots (Figure 4). Values of D g = 326 and 258 nm were obtained from the slope of the linear fit in the low qD g region for PS-CD NP and PS-CD-Tz NP , respectively. Next, the shape factor, ρ, was obtained from the ratio ρ = D g /D h , as proposed by Burchard. 38 The ρ values of 1.4 for PS-CD NP and 1.9 for PS-CD-Tz NP fall between those of vesicles (ρ = 1) and rigid rods (ρ ≥ 2.0), and thus PS-CD NP and PS-CD-Tz NP particles can be ascribed to particles whose D overall shape is spherical (1.4) and polydisperse spheres (1.9), respectively. 38 An important issue largely overlooked in previous studies on the self-assembly of saccharide-based polymers is their stability. In this study, we tested the long-term stability of PS-CD NP and PS-CD-Tz NP suspensions by monitoring the particle size change after storage in the dark at ambient temperature for 3 months. The DLS data (Figure S4) reveal relatively small increases in hydrodynamic radii for PS-CD-Tz NP compared to markedly larger increases in radii for PS-CD NP particles. The apparent low stability of the nonencapsulated PS-CDNP particles is attributed to nonspecific hydrophobic interactions of β-cyclodextrin groups at the periphery of the nanoparticles, which give larger aggregations over time. The higher stability of PS-CD-Tz NP reflects the saturation of these β-cyclodextrin groups, which in turn suppresses particle aggregation over time. Crucially, the stability of PS-CD-Tz NP suggests little evidence of the presence of Tz molecules in solution that would likely increase particle aggregation.

UV-vis and fluorescence spectra were recorded to probe the ability of the PS-CD polymer to encapsulate tetrazinenaphthalimide during self-assembly. Three solutions were investigated: as-prepared PS-CD NP , PS-CD-Tz NP (Tz = 0.06 mg mL -1 ), and a saturated tetrazine-naphthalimide in water solution (H 2 O-Tz) prepared by addition of 0.3 mg Tz in 3 mL (Tz < 0.1 mg mL -1 ). The absorption spectrum for PS-CD NP in the absence of Tz shows weak background absorption due to f5 the polymer but no well-defined absorption peaks (Figure 5Ai). In contrast, both PS-CD-Tz NP (Figure 5Aii) and H 2 O-Tz (Figure 5Aiii) solutions exhibit a strong absorption band at 340-380 nm, ascribed to both the imide group and the π-π* band transition of the tetrazine group. Significantly larger absorption is observed for PS-CD-Tz NP compared to the H 2 O-Tz, consistent with improved solubilization of the Tz via hostguest encapsulation. The small hypsochromic shift (blue shift) from λ max = 353 nm for H 2 O-Tz to 341 nm for PS-CD-Tz NP is consistent with the Tz molecules shifting from a polar to a nonpolar environment. The shift therefore provides further evidence of the inclusion of Tz in the hydrophobic βcyclodextrin cavities. Such small blue shifts in UV-vis spectra due to host-guest complexation have previously been reported for 4-amino-1,8-naphthalimides with β-cyclodextrin molecules. 37 Another remarkable feature of the fluorescence emission of the encapsulated molecules is that both the imide antenna and the tetrazine acceptor emit together (producing almost white light), proving that the energy transfer is partially 428 blocked as a consequence of the encapsulation process. This is In the absence of Tz, a typical background response of a GC 456 f6 electrode in aqueous solution was observed (Figure 6Ai). For 457 PS-CD-Tz NP nanoparticles, a single well-defined and chemically 458 reversible redox couple at E 1/2 = -0.32 V vs SCE was observed 459 (Figure 6Aii). This system is attributed to a two-electron, two-460 proton reduction of 1,4-tetrazine to its protonated form, 1,4-461 dihydrotetrazine. 29,39 This behavior is analogous to the two- 

  252 experiments were recorded for a series of PS-CD solutions 253 prepared in THF with water content of between 0 and 50% 254 (Figure S2). Very low scattering intensities were observed in 255 the presence of 5 to 20% water, consistent with desirable 256 polymer chain dissolution and few aggregates in a mixed 257 solvent. In the presence of ≥20% water, a significant increase in 258 scattering intensity was observed because of the unwanted 259 formation of self-assemblies. β-Cyclodextrin-modified polymer 260 solutions were therefore investigated in 10 and 20% water 261 solutions. However, further observations proved that suspen-262 sions based on 10% water solutions were more unstable, with 263 microscopic particles visible after just a few days of storage, and 264 thus the 80:20 THF/water ratio was adopted for further 265 investigations. 266 We explored the controlled self-assembly of PS-CD (1 mg 267 g -1 ) in the presence and absence of Tz (0.2 mg g -1 ) in THF/ 268 f1 H 2 O via nanoprecipitation in a large excess of water (Figure 269 f1 1A). For the PS-CD with Tz solution, the PS-CD/Tz mole-to-270 mole ratio used was 1:3. Herein, suspensions obtained from PS-271 CD and PS-CD with Tz will be referred to as PS-CD NP and PS-272 CD-Tz NP , respectively. Two methods of nanoprecipitation were 273 explored: method A, where 1 g of PS-CD polymer solution was 274 slowly added to 40 g of water (solvent-to-water method), and 275 method B, where 40 g of water was slowly added to 1 g of PS-276 CD polymer solution (water-to-solvent method). For both 277 methods A and B, the same precipitation and evaporation 278 procedures were performed (Experimental Section) to obtain 279 aqueous PS-CD NP and PS-CD-Tz NP suspensions. 280 The ability of the β-cyclodextrin-modified polystyrene 281 solutions to spontaneously assemble into nanoparticles was 282 initially confirmed by atomic force microscopy and fluorescence 283 microscopy after solution drop-casting and drying on a silicon 284 wafer (Figure 1B,C). AFM imaging of the PS-CD-Tz NP sample 285 prepared by method A revealed the presence of individual 286 nanoparticles with an average particle diameter of 167 ± 30 nm 287 (n = 89 particles). Importantly, the brief AFM analysis proved 288 the successful formation of nanoparticle self-assemblies using 289 our nanoprecipitation protocol. Figure 1C shows a fluorescence

Figure 1 .

 1 Figure 1. (A) Synthesis route for the preparation of encapsulated nanoparticles (PS-CD-Tz NP ). (B, C) Images of PS-CD-Tz NP particles prepared by method A on silicon recorded by (B) AFM in peak-force mode at 1 Hz and (C) fluorescence microscopy with a DAPI filter and a 500 ms exposure time.

  The formation of clusters is attributed to the cross-linking of individual particles via host-guest interactions between Tz molecules and host β-cyclodextrin groups located at the periphery of the particles. (Both tetrazine and naphthalimide functional groups can function as guests.) Particle aggregation due to nonspecific interactions 3 must be considered and likely contributes to the self-assembly of the larger particle distribution. Regardless of the nature of formation of the larger particles, their presence in terms of number is very small compared to the smaller particles. On the basis of 12 DLS measurements at 90°, the estimated number of smaller objects is 95.1% (N small ≈ 19.1N big ), according to eq 3. To complete the nanoparticle sizing experiments, nanoparticle tracking analysis was performed. Nanoparticles were illuminated with a 405 nm blue laser and tracked individually f3 (Figure 3, Figure S3 and corresponding video clips in the Supporting Information). Nanoparticles that undergo Brownian motion were taken into account, and average D h,NTA values of 195 nm for PS-CD NP and 105 nm for PS-CD-Tz NP were acquired. These values are smaller than those obtained by DLS because of the fact that number-weighted distributions are obtained. Nevertheless, the sizes obtained by NTA are complementary, with the corresponding particle sizes obtained by DLS (D h = 240 and 138 nm). The absence of the larger cluster distribution for PS-CD-Tz NP by NTA is not at all

Figure 2 .

 2 Figure2. DLS autocorrelation (g[START_REF] Nicolas | Functionalization Strategies and Biomedical Applications of Targeted Biodegradable/Biocompatible Polymer-Based Nanocarriers for Drug Delivery[END_REF] -1) measured at 90°and relaxation time distribution of aqueous suspensions of (A) PS-CD NP prepared by (i) method A and (ii) method B and (B) PS-CD-Tz NP prepared by (i) method A and (ii) method B.

Figure 3 .

 3 Figure 3. Hydrodynamic number-weighted size distributions by NTA of (A) PS-CD NP and (B) PS-CD-Tz NP suspensions prepared by method A.

  429 in sharp contrast to the situation encountered when the 430 molecules are dissolved in an organic solvent, where the energy 431 transfer occurs with a ca. 90% efficiency and only tetrazine 432 fluorescence is observed. 28 433 Fluorescence spectra of PS-CD-Tz NP nanoparticles were 434 initially recorded at different emission wavelengths. Strong 435 fluorescence was observed only upon excitation in the UV 436 region at λ ex = 353 nm (Figure 5B) and λ ex = 340 nm (data not 437 shown) and not at higher wavelengths (for example, λ ex = 518 438 and 544 nm, data not shown). The classical strong fluorescence 439 of 1,8-naphthalimide was observed between 370 and 420 nm 440 along with a weak fluorescence band at 550-600 nm due to the 441 tetrazine moiety. Further evidence for the improved uptake of 442 fluorescent Tz molecules via molecular encapsulation was 443 obtained by comparison of the fluorescence spectra recorded at 444 λ ex = 340 nm for PS-CD NP , PS-CD-Tz NP , and H 2 O-Tz solutions 445 (Figure 5C). No fluorescence was observed for nanoparticles 446 free of Tz (Figure 5Ci), as expected. A clear enhancement in 447 fluorescence was, however, observed at λ em = 570 nm for PS-448 CD-Tz NP (Figure 5Cii) compared to the Tz-saturated H 2 O-Tz 449 solution, reflecting the improved solubility of tetrazine-450 naphthalamide in the nanoparticle solution compared to water. 451 Cyclic voltammograms (CVs) of the solutions were also 452 performed to test the electroactivity of the nanoparticles. CVs 453 were recorded at glassy carbon electrodes without supporting 454 electrolyte to avoid aggregation due to increased ionic strength.

  455

  462 electron reduction of quinones to hydroquinones in aqueous 463 solution. It should be noted that the CV recorded in H 2 O-Tz 464 solution (Figure S5i) shows an almost identical E 1/2 but with an 465 extremely weak peak intensity, reflecting the trace presence of

Figure 4 .

 4 Figure 4. SLS Guinier plots of the scattering intensity of (i) PS-CD NP and (ii) PS-CD-Tz NP suspensions prepared by method A.

Figure 5 .

 5 Figure 5. (A) UV-vis absorption spectra for (i) PS-CD NP , (ii) PS-CD-Tz NP , and (iii) H 2 O-Tz. (B, C) Fluorescence emission spectra recorded at λ ex = 353 nm for (B) PS-CD-Tz NP at 365 to 650 nm and (C) (i) PS-CD NP , (ii) PS-CD-Tz NP , and (iii) H 2 O-Tz at 525 to 680 nm.
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