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Introduction

Dendritic macromolecules have stimulated a lot of research efforts in many synthetic, analytical and application-related issues since Flory's predictions. [START_REF] Flory | Molecular Size Distribution in Three Dimensional Polymers[END_REF][START_REF] Schlüter | Dendronized polymers: Synthesis, characterization, assembly at interfaces, and manipulation[END_REF][START_REF] Hawker | Preparation of polymers with controlled molecular architecture. A new convergent approach to dendritic macromolecules[END_REF][START_REF] Astruc | Dendrimers Designed for Functions: From Physical, Photophysical and Supramolecular Properties to Applications in Sensing[END_REF] Nanoscale dendritic macromolecules and dendronized polymers (DPs) with dendritic wedges form controlled hierarchical structures and lead this increasing field at the interfaces of organic chemistry, polymer synthesis and materials science. [START_REF] Frauenrath | Dendronized polymers -building a new bridge from molecules to nanoscopic objects[END_REF] In the early days, the synthesis of DPs was challenging, [START_REF] Chen | Tailoring dendronized polymers[END_REF][START_REF] Helms | Dendronized linear polymers via "click chemistry[END_REF][START_REF] Dong | Supramolecular Dendritic Polymers: From Synthesis to Applications[END_REF][START_REF] Schlüter | Dendronized polymers: Synthesis, characterization, assembly at interfaces, and manipulation[END_REF] but opportunities have emerged with the development of living and controlled polymerization techniques including ring-opening polymerization (ROP), anionic-and cationic polymerization, reversible addition-fragmentation chain transfer (RAFT) polymerization and atom transfer radical polymerization (ATRP). [START_REF] Kim | A synthetic approach to a fullerene-rich dendron and its linear polymer via ring-opening metathesis polymerization[END_REF] Commonly, DPs are fabricated by three predominant methods including divergent "graft-from", convergent "graft-to" and macromonomer methods. [START_REF] Johnson | Core-Clickable PEG-Branch-Azide Bivalent-Bottle-Brush Polymers by ROMP: Grafting-Through and Clicking-To[END_REF] The macromonomer method is an alternative strategy in the synthesis of well-defined DPs because all the dendrons are perfectly incorporated into every repeat unit without the need of post-polymerization protocol. [START_REF] Frauenrath | Dendronized polymers -building a new bridge from molecules to nanoscopic objects[END_REF] In the macromonomer route, the ring-opening metathesis polymerization (ROMP) is an efficient approach for the construction of perfect DPs upon employing very active and tolerant Grubbs' ruthenium catalysts as initiators. [START_REF] Deraedt | The metathesis reactions: recent trends and new challenges[END_REF][START_REF] Rajaram | Synthesis of dendronized diblock copolymers via ring-opening metathesis polymerization and their visualization using atomic force microscopy[END_REF][START_REF] Liang | Dendronized cyclocopolymers with a radial gradient of polarity and their use to catalyze a difficult esterification[END_REF][START_REF] Liu | New ROMP Synthesis of Ferrocenyl Dendronized Polymers[END_REF][START_REF] Liu | ROMP Synthesis of 1,2,3-Triazolyl Dendronized Polymers with Triethylene Glycol Branches as Recyclable Nanoreactors for Cu(I) "Click" Catalysis Reaction in Water[END_REF][START_REF] Dutertre | Structure and Dynamics of Dendronized Polymer Solutions: Gaussian Coil or Macromolecular Rod?[END_REF][START_REF] Kim | Hierarchical superstructures of norbornene-based polymers depending on dendronized side-chains[END_REF][START_REF] Barkley | Homeotropically Aligned Self-Organizing Dendronized Polymer[END_REF][START_REF] Kim | Controlled Ring-Opening Metathesis Polymerization of a Monomer Containing Terminal Alkyne and Its Versatile Postpolymerization Functionalization via Click Reaction[END_REF][START_REF] Li | Crosslinked dendronized polyols as a general approach to brighter and more stable fluorophores[END_REF][START_REF] Li | Linear dendronized polyols as a multifunctional platform for a versatile and efficient fluorophore design[END_REF][START_REF] Kim | From Smart Denpols to Remote-Controllable Actuators: Hierarchical Superstructures of Azobenzene-Based Polynorbornenes[END_REF][START_REF] Piunova | Highly Ordered Dielectric Mirrors via the Self-Assembly of Dendronized Block Copolymers[END_REF] A few remarkable illustrations of this interest follow. Zimmerman and coworkers reported the synthesis of crosslinked and linear dendronized polyols by ROMP and their application as a multifunctional platform for a versatile and efficient fluorophore design. [START_REF] Li | Crosslinked dendronized polyols as a general approach to brighter and more stable fluorophores[END_REF][START_REF] Li | Linear dendronized polyols as a multifunctional platform for a versatile and efficient fluorophore design[END_REF] Jeong et al. designed new azobenzene-based DPs and applied them as remote-controllable actuators with well-controlled hierarchical superstructures. [START_REF] Kim | From Smart Denpols to Remote-Controllable Actuators: Hierarchical Superstructures of Azobenzene-Based Polynorbornenes[END_REF] Grubbs et al. synthesized dendronized block copolymers that rapidly self-assembled into highly ordered dielectric mirrors. [START_REF] Piunova | Highly Ordered Dielectric Mirrors via the Self-Assembly of Dendronized Block Copolymers[END_REF] Choi et al. reported new polyphenylene-based DPs, exhibiting extended and rigid conformations, prepared by ROMP, and explored their mechanochemical degradation in ultrasound-induced elongational flow fields. [START_REF] Peterson | Mechanochemical Degradation of Denpols: Synthesis and Ultrasound-Induced Chain Scission of Polyphenylene-Based Dendronized Polymers[END_REF] It is still challenging to synthesize high-generation dendronized block copolymers by ROMP technique involving increasing steric hindrance and to explore applications by comparison with conventional linear polymers and dendrimers. [START_REF] Frauenrath | Dendronized polymers -building a new bridge from molecules to nanoscopic objects[END_REF][START_REF] Chen | Tailoring dendronized polymers[END_REF][START_REF] Lee | Designing dendrimers for biological applications[END_REF][START_REF] Fu | High molecular weight dendronized poly(fluorene)s with peripheral carbazole groups: Synthesis, characterization, and properties[END_REF] Due to such steric bulk between high generation adjacent dendrons, DPs exhibit wormlike morphologies whose flexibility and diameter rely on the generation of grafted dendrons. [START_REF] Frauenrath | Dendronized polymers -building a new bridge from molecules to nanoscopic objects[END_REF][START_REF] Zhang | Dendronized Polymers: Recent Progress in Synthesis[END_REF] In our previous work, new well-defined first-and second-generation (G1 and G2) side-chain hydrophobic ferrocene (Fc)-containing and hydrophilic triethylene glycol (TEG)-containing DPs were synthesized by ROMP. [START_REF] Liu | New ROMP Synthesis of Ferrocenyl Dendronized Polymers[END_REF][START_REF] Liu | ROMP Synthesis of 1,2,3-Triazolyl Dendronized Polymers with Triethylene Glycol Branches as Recyclable Nanoreactors for Cu(I) "Click" Catalysis Reaction in Water[END_REF] G2 TEG-containing DPs have been used as nanoreactors to support Cu I ions for efficient Cu I catalyzed azide alkyne cycloaddition (CuAAC) "click" reactions and to stabilize gold nanoparticles (AuNPs) for efficient reduction of 4-nitrophenol (4-NP). [START_REF] Liu | Gold Nanoparticles Stabilized by 1,2,3-Triazolyl Dendronized Polymers as Highly Efficient Nanoreactors for the Reduction of 4-Nitrophenol[END_REF] Fc-containing DPs have been employed as templates to prepare AuNPs for biphasic 4-NP reduction. [START_REF] Liu | Dendronized triazolyl-containing ferrocenyl polymers as stabilizers of gold nanoparticles for recyclable two-phase reduction of 4-nitrophenol[END_REF] In DPs, the bulky dendrons are attached to the linear polymeric core, which combines the strengths of both dendrimers and linear polymers. DPs have a large number of functional groups in their periphery or interior as dendrimers, which provides a great advantage to immobilize catalysts with a well-defined molecular environment. [START_REF] Frauenrath | Dendronized polymers -building a new bridge from molecules to nanoscopic objects[END_REF][START_REF] Liang | Dendronized cyclocopolymers with a radial gradient of polarity and their use to catalyze a difficult esterification[END_REF] The weak 1,2,3-triazolyl (trz) ligands also have been reported to coordinate metal ions and mild stabilization for various metal nanoparticles. [START_REF] Badèche | Synthesis and Coordination Chemistry of Ferrocenyl-1,2,3-triazolyl Ligands[END_REF][START_REF] Zhao | How a simple ''clicked'' PEGylated 1,2,3-triazole ligand stabilizes gold nanoparticles for multiple usage[END_REF][START_REF] Wang | Highly Efficient Transition Metal Nanoparticle Catalysts in Aqueous Solutions[END_REF][START_REF] Huang | Catalysis by 1,2,3-triazole-and related transition-metal complexes[END_REF] Herein, we report a reliable synthetic method to prepare a high-generation Fc and TEG-containing amphiphilic dendronized diblock copolymer 5 by ROMP (Scheme 1). The TEG dendrons are used to provide high hydrophilcity for the dendronized copolymer (DCP) so that it self-assembles into nanostructures in aqueous solution. [START_REF] Li | Thermoresponsive dendronized polymers with tunable lower critical solution temperatures[END_REF][START_REF] Li | Thermoresponsive dendronized polymers[END_REF][START_REF] Li | Efficient synthesis of first-and second-generation, water-soluble dendronized polymers[END_REF][START_REF] Liu | Comb like Thermoresponsive Polymers with Sharp Transitions: Synthesis, Characterization, and Their Use as Sensitive Colorimetric Sensors[END_REF] The self-assembly behavior of the DCP is investigated in aqueous solution using THF and DMSO as cosolvents. The DCP is also used as stabilizers and reductants to prepare Au and Ag NPs catalysts for the reduction of 4-nitrophenol (4-NP) to 4-aminophenol (4-AP). Scheme 1. Synthesis and self-assembly of dendronized diblock copolymer 5 and preparation of AuNPs or AgNPs for the catalytic reduction of 4-NP.

Experimental

See general data in the Supplementary Information (SI).

ROMP synthesis of diblock copolymer 5

Catalyst 1 (4.2 mg, 0.00475 mmol, 1 equiv) was first added in 0.2 ml of dried CH2Cl2 in a small Schlenk flask, followed by the addition of the solution of monomer 2 (79.7 mg, 0.02375 mmol, 5 equiv) in dry CH2Cl2 (0.5 ml) at room temperature (r. t.) under N2 atmosphere. After 20 min of stirring, monomer 4 (187.7 mg, 0.07125 mmol, 15 equiv) in dry CH2Cl2 (1 ml) was quickly added into the flask using a small syringe. The polymerization was continued for an additional 24 h, and then quenched by the addition of 0.2 ml of ethyl vinyl ether (EVE). The mixture was then precipitated with diethyl ether (Et2O) three times and dried in vacuo until constant weight to obtain yellow-brown solid polymer 5. Yield: 95%. 1 

General self-assembly of DCP 5 in water

The self-assembly behavior of DCP 5 was investigated in water through a dialysis method. 5 ml of deionized water was dropwise added into the solution of DCP 5 (10 mg) in 5 ml of THF or DMSO at r. t. under vigorous stirring for 12 h. Then, the resulting solution was injected into a dialysis bag with molecular weight cutoff (MWCO) of 35 000 Da, and dialyzed for 48 h against deionized water. The fresh deionized water was replaced every 6 h to remove THF and DMSO, and the micellar solution was obtained with a concentration of 1 mg ml -1 for further experiments.

Preparation of AuNP-1 with DCP 5 as reductant

To a solution of 5 (5 mg) in THF (2 ml) and deionized water (2 ml) was added dropwise HAuCl4 (0.3 mg, 0.00088 mmol, 1 equiv) in deionized water (4.8 ml) at r. t. and further stirred for 24 h. The resulting AuNPs were preserved in the solution at r. t. and used as catalysts without further purification.

Preparation of AuNP-2 with DCP 5 as stabilizer

To a solution of 5 (5 mg) and NaBH4 (0.33 mg, 0.0088 mmol, 10 equiv) in THF (2 ml) and deionized water (2 ml) was added dropwise HAuCl4 (0.3 mg, 0.00088 mmol, 1 equiv) in deionized water (4.8 ml) at r. t. and further stirred for 2 h. The resulting AuNPs were preserved in the solution at r. t. and used as catalysts without further purification.

Preparation of AgNP-1 with DCP 5 as stabilizer

To a solution of 5 (5 mg) and NaBH4 (0.33 mg, 0.0088 mmol, 10 equiv) in THF (2 ml) and deionized water (2 ml) was added dropwise AgNO3 (0.15 mg, 0.00088 mmol, 1 equiv) in water (4.8 ml) at r. t. and further stirred for 2 h. The resulting AgNPs were preserved in the solution at r. t. and used as catalysts without further purification.

Preparation of AgNP-2 with DCP 5 as reductant

To a solution of 5 (5 mg) in THF (2 ml) and deionized water (2 ml) was added dropwise HAuCl4 (0.15 mg, 0.00088 mmol, 1 equiv) in deionized water (4.8 ml) at r. t. and further stirred for 24 h. The resulting AgNPs were preserved in the solution at r. t. and used as catalysts without further purification.

General procedure for 4-NP reduction by AuNPs and AgNPs

4-NP (3.3 x 10 -4 mmol) was dissolved in 2.5 ml of water in a standard quartz cuvette (3 ml, path length: 1 cm), and NaBH4 (3.3 x 10 -2 mmol) was added. Finally, the known amount of AuNPs or AgNPs catalysts (10%-0.004%) was injected into this solution, and UV-vis. spectroscopy was used to monitor the reaction progress in different time intervals at 25 o C.

Results and Discussion

ROMP synthesis of DCP 5

In order to prepare the amphiphilic diblock copolymer 5, the dendronized Fc-containing macromonomer 2 was first polymerized using the catalyst 1 as initiator to generate homopolymer 3 with ruthenium (Ru) end that was then employed as macroinitiator to activate the ROMP of the dendronized TEG-containing macromonomer 4 (Scheme 1). The macromonomer 2 was used for the construction of the first block due to its faster ROMP rate than that of macromonomer 4, which was observed in previous reports. [START_REF] Liu | New ROMP Synthesis of Ferrocenyl Dendronized Polymers[END_REF][START_REF] Liu | ROMP Synthesis of 1,2,3-Triazolyl Dendronized Polymers with Triethylene Glycol Branches as Recyclable Nanoreactors for Cu(I) "Click" Catalysis Reaction in Water[END_REF] The feed molar ratio of [monomer 2]: [monomer 4]: [catalyst 1] is 5:15:1. It took 20 min to accomplish the ROMP of macromonomer 2 with 100% conversion and the peak at 6.24 ppm corresponding to the olefin protons of 2 disappeared according to the in situ 1 H NMR analysis in Figure S1. Monomer 4 in dry CH2Cl2 was then added, and a kinetic study was conducted to detect the polymerization of 4 in CH2Cl2 through the in situ 1 H NMR analysis method, too. The monomer conversion was determined to be 100% when the peak at 6.25 ppm originating from the olefin protons of 4 disappeared. As expected, 24 h were required to achieve 100% conversion of 4 (Figure S2). The synthesis, kinetic study and structural characterization of DCP 5 were detailed in the SI, including 1 H NMR (Figure S3), 13 C NMR (Figure S4) and UV-vis. spectra (Figure S5). The molecular weight (MW) distribution of DCP 5 is determined by gel permeation chromatography (GPC) vs. polystyrene (PS) standard in THF (Figure S6). The GPC shows that DCP 5 has a Mn value of 48 500 Da (Table 1). The obtained MW is lower than their corresponding theoretical values estimated using the molar feed ratios and the monomer conversions, indicating that their MWs are underestimated by GPC. [START_REF] Zhang | Efficient synthesis of high molar mass, first-to fourth-generation distributed dendronized polymers by the macromonomer approach[END_REF][START_REF] Zhang | Homologous series of dendronized poly methacrylates with a methyleneoxycarbonyl spacer between the backbone and dendritic side chain: Synthesis, characterization, and some bulk properties[END_REF] 1 H NMR. c MW calculated by theoretical degrees of 5. d MW determined by GPC using PS as the standard. e Diameter determined by SEM at 1.0 mg ml -1 of 5. f Height determined by AFM at 1.0 mg ml -1 of 5. g Diameter determined by AFM at 1.0 mg ml -1 of 5. h Diameter determined by DLS at 1.0 mg ml -1 aqueous solution.

Self-assembly behavior of DCP 5 in water.

Amphiphilic copolymers (ACs) have attracted extensive attention as well-defined nanostructures in nanoscience and nanotechnology. [START_REF] Zuo | Fabrication of Dual-Redox Responsive Supramolecular Copolymers Using a Reducible β -Cyclodextran-Ferrocene Double-Head Unit[END_REF] One of the most interesting properties of ACs is their ability to self-assemble into a variety of morphologies such as spheres, rods, tubes, vesicles, helical superstructures, bowl-shaped micelles, onion-like micelles, disclike micelles, multicompartment micelles, and so on. [START_REF] Liu | Controlled ROMP Synthesis of Ferrocene-Containing Amphiphilic Dendronized Diblock Copolymers as Redox-Controlled Polymer Carriers[END_REF][START_REF] Qiu | ROMP synthesis of benzaldehyde-containing amphiphilic block polynorbornenes used to conjugate drugs for pH-responsive release[END_REF][START_REF] Discher | Polymer Vesicles[END_REF][START_REF] Zhang | Controlled ROMP synthesis of side-chain ferrocene and adamantane-containing diblock copolymer for the construction of redox-responsive micellar carriers[END_REF][START_REF] Greene | Poly(acrylic acid-b-styrene) Amphiphilic Multiblock Copolymers as Building Blocks for the Assembly of Discrete Nanoparticles[END_REF] Especially, dendronized ACs are newly-developing architectural macromolecules that are composed of a linear main chain and bulky dendron grafts, and are anticipated to have characteristic self-assembly behavior both in bulk and in solution. [START_REF] Xie | Hydrogen-Bonded Dendronized Polymers and Their Self-Assembly in Solution[END_REF][START_REF] Rudick | Induced Helical Backbone Conformations of Self-Organizable Dendronized Polymers[END_REF][START_REF] Zhuang | Self-Folding of Charged Single Dendronized Polymers[END_REF][START_REF] Das | Self-Assembly of Dendronized Polymers[END_REF][START_REF] Li | Thermoresponsive Helical Poly(phenylacetylene)s[END_REF][START_REF] Liu | Thermoresponsive Dendronized Polymeric Sensors[END_REF][START_REF] Zhao | OEGylated collagen mimetic polypeptides with enhanced supramolecular assembly[END_REF] In the current study, the amphiphilic dendronized diblock copolymer 5 contains hydrophilic TEG moieties and hydrophobic Fc moieties, and thus is expected to self-assemble into attractive nanostructures in water as shown in Scheme 1. It is well known that amphiphiles self-assemble into aggregates over the critical micelle concentration (CMC) by hydrophobic association in aqueous solution. [START_REF] Aydogan | A Molecular-Thermodynamic Model for Gibbs Monolayers Formed from Redox-Active Surfactants at the Surfaces of Aqueous Solutions: Redox-Induced Changes in Surface Tension[END_REF][START_REF] Chandar | Fluorescence probe investigation of anionic polymer-cationic surfactant interactions[END_REF][START_REF] Chang | Novel Ferrocenyl-Terminated Linear-Dendritic Amphiphilic Block Copolymers: Synthesis, Redox-Controlled Reversible Self-Assembly, and Oxidation-Controlled Release[END_REF] In order to explore their self-assembly behaviors, the CMC value of 5 was first measured using the pyrene fluorescence probe technique. [START_REF] Liu | Self-assembly and disassembly of a redox responsive ferrocene-containing amphiphilic block copolymer for controlled release[END_REF][START_REF] Xu | Redox-responsive self-assembly micelles from poly(N-acryloylmorpholine-block-2-acryloyloxyethyl ferrocenecarboxylate) amphiphilic block copolymers as drug release carriers[END_REF] Amphiphilic 5 can self-assemble into micelles as their concentrations rise, which leads to the generation of the hydrophobic microdomains that encapsulate the hydrophobic pyrene and then obviously influence its fluorescence excitation spectra (Figure S7a) and enhance the intensity ratios (I3/I1) of pyrene at peaks of 383 and 372 nm. The resulting CMC value of 5 is 0.089 mg ml -1 based on the known process [START_REF] Liu | Self-assembly and disassembly of a redox responsive ferrocene-containing amphiphilic block copolymer for controlled release[END_REF][START_REF] Xu | Redox-responsive self-assembly micelles from poly(N-acryloylmorpholine-block-2-acryloyloxyethyl ferrocenecarboxylate) amphiphilic block copolymers as drug release carriers[END_REF] by using the curves of I3/I1 intensity ratios versus logarithmic concentrations of 5 (Figure S7b). The solvent plays a key role in the fabrication of the self-assembled nanostructures, and thus has a direct effect on the stretching degree of the hydrophilic and hydrophobic domains of the self-assembled structures. Herien, two different solvents (THF and DMSO) were selected to investigate the self-assembly behavior of 5 in aqueous media. The self-assembly process is initiated by dropwise adding deionized water to the THF (or DMSO) solution of 5, followed by the dialysis treatment against deionized water to remove the residual organic solvent. The morphology and size of the obtained micelles was characterized by SEM, AFM and DLS, respectively. As shown in Figures 1a-d, the spherical micelles were observed by the SEM images of self-assembled copolymer 5. The statistical diameter analysis from the SEM images (Figure 1e-f and Table 1) indicates that the obtained micelles in 1.0 mg ml -1 aqueous solution upon using THF as the cosolvent have the average particle diameter (DSEM) of 160 ± 40 nm. In another cosolvent of DMSO, SEM images provide the DSEM value of 140 ± 30 nm. AFM analysis was used to investigate the morphology of the obtained micelles on air-dried samples. All the test samples were prepared using the resultant micelles drop-casted onto clean mica substrate and left to air-dry for 24 h before tapping mode AFM analysis. Figure 2 shows the typical AFM images and statistical diameter analysis from the resultant micelles. When THF was used as the cosolvent, the statistical analysis of these AFM images (Figure 2e) was conducted to obtain the average particle diameter (DAFM) of 150 ± 35 nm with the average particle height (HAFM) of 45 ± 15 nm. In another cosolvent of DMSO, AFM images provide DAFM of 110 ± 30 nm with HAFM of 25 ± 8 nm. DLS analysis (Figure S8) shows hydrodynamic diameters (DDLS) for the resultant micelles. In the case of THF as cosolvent, the average DDLS value of 288 nm is confirmed for the micelles of 5. When DMSO was used as the cosolvent, the DDLS result is 219 nm. All the above size results from AFM, SEM and DLS are also summed up and contrasted in Table 1. It is obvious that the size of self-assembled micelles is dependent on the different cosolvents (THF or DMSO). When THF and DMSO are used as cosolvents, the former causes slightly larger particle sizes, which is attributed to their different dissolving characteristics and interactions with water. Furthermore, the size difference among SEM, AFM and DLS is taken into account by their different testing conditions. The size distribution by DLS reflects the dimensions of both the swollen core and the stretched periphery of micelles in water, but the sizes characterized by SEM and AFM indicate only the conformation in the dry state. [START_REF] Mai | Self-assembly of block copolymers[END_REF][START_REF] Qian | Self-Seeding in One Dimension: An Approach To Control the Length of Fiberlike Polyisoprene-Polyferrocenylsilane Block Copolymer Micelles[END_REF][START_REF] Wang | Fabrication of Continuous and Segmented Polymer/Metal Oxide Nanowires Using Cylindrical Micelles and Block Comicelles as Templates[END_REF][START_REF] Mu | Supramolecular redox-responsive substrate carrier activity of a ferrocenyl Janus device[END_REF][START_REF] Tan | Photocontrolled Cargo Release from Dual Cross-Linked Polymer Particles[END_REF][START_REF] Murdock | Characterization of nanomaterial dispersion in solution prior to In vitro exposure using dynamic light scattering technique[END_REF][START_REF] Liu | Ferrocenyl Janus mixed-dendron stars and their stabilization of Au and Ag nanoparticles[END_REF] 

Preparation and characterization of AuNPs and AgNPs.

As mentioned above, the dendronized amphiphilic copolymer 5 containing intradendritic triazole can self-assemble into spherical micelles in aqueous solution, which provides a great advantage to stabilize noble metal NPs in water. The weak triazole ligands are well known due to their coordination ability to metal ions and mild stabilization for various metal nanoparticles. [START_REF] Liu | Precise localization of metal nanoparticles in dendrimer nanosnakes or inner periphery and consequences in catalysis[END_REF][START_REF] Li | Click" Chemistry Mildly Stabilizes Bifunctional Gold Nanoparticles for Sensing and Catalysis[END_REF][START_REF] Ciganda | Gold nanoparticles as electron reservoir redox catalysts for 4-nitrophenol reduction: a strong stereoelectronic ligand influence[END_REF][START_REF] Wang | From Mono to Tris-1,2,3-triazole-Stabilized Gold Nanoparticles and Their Compared Catalytic Efficiency in 4-Nitrophenol Reduction[END_REF] Allthough the triazole ligands (N donors) of the dendrons are stabilizers of choice for the metal NPs, the dendronic TEG groups (O-donors) may also contribute to this stabilization as shown by precedents. [START_REF] Zhao | OEGylated collagen mimetic polypeptides with enhanced supramolecular assembly[END_REF][START_REF] Boisselier | Encapsulation and stabilization of gold nanoparticles with "click" polyethyleneglycol dendrimers[END_REF] Meanwhile, ferrocene and its derivatives are used as reductant to prepare AuNPs and AgNPs because of their reducing properties. [START_REF] Li | Stabilization of AuNPs by Monofunctional Triazole Linked to Ferrocene, Ferricenium, or Coumarin and Applications to Synthesis, Sensing, and Catalysis[END_REF][START_REF] Zhao | Multifunctional triazolylferrocenyl Janus dendron: Nanoparticle stabilizer, smart drug carrier and supramolecular nanoreactor[END_REF][START_REF] Gu | Redox-Robust Pentamethylferrocene Polymers and Supramolecular Polymers, and Controlled Self-Assembly of Pentamethylferricenium Polymer-Embedded Ag, AgI, and Au Nanoparticles[END_REF][START_REF] Ornelas | Click assembly of 1,2,3-triazole-linked dendrimers, including ferrocenyl dendrimers, which sense both oxo anions and metal cations[END_REF] Thus, the dendronized amphiphilic copolymer 5 was first used as reductants and stabilizers to fabricate AgNPs and AuNPs in aqueous solution as shown in Scheme 1. For comparison, the corresponding AgNPs and AuNPs were also prepared using 5 as stabilizers and NaBH4 as a reductant.

Figure 3. UV-vis. spectra of AuNPs and AgNPs.

AuNP-1 was prepared by the dropwise addition of HAuCl4 aqueous solution into the THF solutions of 5 at r. t. with vigorous stirring. After the addition of HAuCl4, the color of the solution varied from light yellow to wine-red (Figure 3), a typical color of AuNPs. For the fabrication of AuNP-2, the HAuCl4 solution was slowly added into the THF solution of 5 in the presence of NaBH4 at r. t. with vigorous stirring. In this process, NaBH4 is the reductant of Au(III) because of its stronger reducing force than ferrocene. As shown in Figure 3, obvious color difference is observed between these AuNPs prepared by using different reductants. AuNP-2 is light red and exhibits the yellow tint of Fc-containing polymers. Besides, AgNP-1 with yellow color (Figure 3) was prepared by dropwise adding the AgNO3 aqueous solution into the THF solution of 5 in the presence of NaBH4 at r. t. with vigorous stirring, while the light-yellow AgNP-2 was fabricated by in the absence of NaBH4. All the obtained nanoparticle samples were characterized by UV-vis. spectroscopy, TEM, HRTEM and energy-dispersive X-ray spectroscopy (EDS), respectively. The UV-vis. spectrum of AuNP-1 indicates a λmax at 542 nm corresponding to the characteristic surface plasmon band (SPB) of Au 0 , and a shoulder peak at 660 nm attributed to the ferricinium units from the oxidation of Fc groups. As expected, only very weak peak is observed at 530 nm for AuNP-2. This is mainly caused by the shielding of the strong absorption peak of the characteristic Fc groups at 438 nm in polymers 5 (Figure S5), and the featureless absorbance of small-sized AuNPs. [START_REF] Boisselier | Encapsulation and stabilization of gold nanoparticles with "click" polyethyleneglycol dendrimers[END_REF][START_REF] Rapakousiou | Mixed-Valent Click Intertwined Polymer Units Containing Biferrocenium Chloride Side Chains Form Nanosnakes that Encapsulate Gold Nanoparticles[END_REF][START_REF] Rao | Size-dependent chemistry: properties of nanocrystals[END_REF][START_REF] Peng | PEGylated dendrimer-entrapped gold nanoparticles for in vivo blood pool and tumor imaging by computed tomography[END_REF][START_REF] Daniel | Gold Nanoparticles: Assembly, Supramolecular Chemistry, Quantum-size Related Properties, and Applications towards Biology, Catalysis and Nanotechnology[END_REF] For AgNP-1 and AgNP-2, two peaks are observed at 401 nm and 423 nm, respectively, which is attributed to the combined action of the d-d* transition of Fc group and SPB of Ag 0 . TEM images (Figure 4) reveal the average size of 28.0 ± 10 nm for AuNP-1, whereas for AuNP-2, the corresponding value is 2.1 ± 1.5 nm. The AuNPs obtained by the reduction with NaBH4 exhibit smaller particle size than those fabricated from the Fc-based reduction, which is due to the different reduction rates by two reductants used. A similar phenomenon is also observed when the sizes of AgNP-1 and AgNP-2 are compared. The former has a smaller size of 3.4 ± 1.5 nm, whereas the latter shows a larger size of 30.0 ± 5.0 nm. To further investigate the microstructure of nanoparticles, HRTEM analysis was conducted. As shown in Figure 4b, AuNP-2 exhibits clear fringes with spacing of about 0.23 nm corresponding to the Au (111) plane and {100} facets (JCPDS 04-0784), indicating the formation of polycrystals. [START_REF] Huang | Facile Synthesis and One-Dimensional Assembly of Cyclodextrin-Capped Gold Nanoparticles and Their Applications in Catalysis and Surface-Enhanced Raman Scattering[END_REF][START_REF] Yoshida | Visualizing Gas Molecules Interacting with Supported Nanoparticulate Catalysts at Reaction Conditions[END_REF][START_REF] Li | Au/graphene hydrogel: Synthesis, characterization and its use for catalytic reduction of 4-nitrophenol[END_REF] In the HRTEM image of AgNP-1 in Figure 4c, the lattice fringe of about 0.20 nm is assigned to the (200) plane of Ag (JCPDS 87-0720). [START_REF] Yuwen | General synthesis of noble metal (Au, Ag, Pd, Pt) nanocrystal modified MoS2 nanosheets and the enhanced catalytic activity of Pd-MoS2 for methanol oxidation[END_REF] Furthermore, EDS analysis also shows the existence of the Au and Ag elements in these systems (Figure 4). In short, AuNPs and AgNPs are successfully prepared by using dendronized Fc-containing amphiphilic copolymer 5 as stabilizers or/and reductants, and their sizes are considerably modified by changing the type of reductants used.

Catalytic performances of AuNPs and AgNPs for the reduction of 4-NP

The catalytic reduction of 4-NP by NaBH4 is generally used as a model reaction to estimate the catalytic activity of various metal nanoparticles, because this reaction is highly sensitive to the metal catalyst, and it is easy to measure the reaction rate by UV-vis. spectroscopy. [START_REF] Hervés | Catalysis by metallic nanoparticles in aqueous solution: model reactions[END_REF][START_REF] Jiang | Synergistic catalysis of Au@Ag core-shell nanoparticles stabilized on metal-organic framework[END_REF][START_REF] Pradhan | Silver nanoparticle catalyzed reduction of aromatic nitro compounds[END_REF][START_REF] Esumi | Comparison of PAMAM-Au and PPI-Au nanocomposites and their catalytic activity for reduction of 4-nitrophenol[END_REF] Therefore, the reduction of 4-NP was adopted to evaluate the catalytic activity of the resultant AuNPs and AgNPs as shown in Scheme 1. An aqueous solution (2.5 ml) of 4-NP (3.3 × 10 -4 mmol) was mixed with NaBH4 (3.3 × 10 -2 mmol) in a 3 ml standard quartz cuvette. After adding NaBH4 into the solution, a distinct dark green color was directly observed with an absorbance at 400 nm (Figure 5) indicating the formation of 4-NPate anion. Then catalytic amounts of AuNPs and AgNPs (10%-0.004%) were rapidly injected into the above-mentioned quartz cuvette, and the reaction was checked by UV-vis. spectroscopy (Figure S9-S26). The reduction directly started after adding the catalyst, i.e. no induction time is observed. The absorption at 400 nm was found to quickly reduce, and the rate constant ka was determined based on the linear relationship between the consumption rate of 4-NP [-ln (C/C0)] and the reaction time (Figure S27 and 6A). As seen in Figures 6A and6B, the reaction rate is influenced by the amount of catalysts and the size of AuNPs and AgNPs. With the reduction of the amount of catalysts, the ka value decreases and the reaction time for 100% conversion is prolonged. But, the ka value increases upon reducing the size of AuNPs and AgNPs. For example, when the amount of AuNP-2 are 2%, the reaction was rapidly completed within 130 s with the apparent kinetic rate constant ka = 2.71 × 10 -2 s -1 . Along with the decrease of the amount of AuNP-2, more time is needed to complete the reaction. When the amount of catalyst is decreased to 0.05%, the required time is 860 s with ka = 5.20 × 10 -2 s -1 for AuNP-2. Specifically, when the amount of AuNP-2 was decreased to 0.004%, the reaction was accomplished within 6 000 s with ka = 8.00 × 10 -4 s -1 . Moreover, AuNP-1 shows a small ka value of 5.70 × 10 -3 s -1 at high amount of 10%. At the amount of 2% catalyst, it took longer time for AuNP-1 to reach 100% conversion, and the corresponding Ka value is typically lower than that for AuNP-2. AgNPs also exhibit a similar tendency. At the amount of 2% used, AgNP-1 exhibits shorter time for total conversion and higher ka value than AgNP-2, which is attributed to its smaller size. When the amount of AgNP-1 is reduced to 0.1%, it took 2 500 s to accomplish the reduction reaction with a low ka value of 1.40 × 10 -3 s -1 (Figure 6A and6B). To quantitatively estimate the property of these catalysts, the turnover number (TON) and turnover frequency (TOF) were calculated and the results are plotted in Figures 6C and6D. In our study, TONs provide an increasing tendency with the decrease of the amount of catalysts. The highest TON value of 25 000 is observed for AuNP-2 with the amount of 0.004%. Interestingly, the highest TOF value was found at 26 400 h -1 for AuNP-2 at the amount of 0.008%. Furthermore, AuNP-2 exhibits much higher catalytic activity than all the AgNPs, which may be due to its smaller size. In short, the remarkable activities of the DP-stabilized AuNPs in catalyzing the reduction of 4-NP can be attributed to the their stability and the small size that results in increasing the free specific surface area of the catalytic reactions for the AuNPs surface. [START_REF] Panigrahi | Synthesis and Size-Selective Catalysis by Supported Gold Nanoparticles: Study on Heterogeneous and Homogeneous Catalytic Process[END_REF][START_REF] Jin | A General Approach to Mesoporous Metal Oxide Microspheres Loaded with Noble Metal Nanoparticles[END_REF] To examine the storage stability of the present nanoparticle catalysts, AuNP-2 and AgNP-1 were placed at r. t. (25 o C or so) for two months. The solutions of the as-prepared AuNP-2 and AgNP-1 seem to be macroscopically stable as no black precipitate was observed due to the strong agglomeration. In addition, their colors also have no significant difference after being stored for two months, and their UV-vis spectra indicates a λmax at 530 nm for AuNP-2 and 401 nm for AgNP-1 (Figure S28), in accordance with original ones. After being stored for two months, TEM images evidence the size of 2.6 ± 1.5 nm for AuNP-2 and 3.7 ± 1.8 nm for AgNP-1 (Figure S29). Both values were slightly bigger than their original ones. Their catalytic activity was also measured by the reduction of 4-NP. As shown in Figure S27 and6, slightly lower values of Ka and TOFs were found compared to the original ones. For example, AuNP-2 has a Ka of 6.00 × 10 -3 s -1 and TOF of 8 000 h -1 at the amount of 0.1%, while the original values are Ka of 6.90 × 10 -3 s -1 and TOF of 8 370 h -1 , respectively. For AgNP-1, its Ka value decrease from 1.4 × 10 -3 s -1 to 1.2 × 10 -3 s -1 , and the corresponding TOF value decrease from 1 440 h -1 to 1 390 h -1 . These AuNPs and AgNPs are stable on the whole, and after two months of storage, their catalytic activity is comparable to the freshly prepared ones. Generally, dendrimers are used as outstanding templates to synthesize AuNPs because of their unique three-dimensional structure and abundant surface functional groups. [START_REF] Astruc | Dendrimers Designed for Functions: From Physical, Photophysical and Supramolecular Properties to Applications in Sensing[END_REF] Table 2 summarizes the latest reports on the reduction of 4-NP with dendrimer-encapsulated AuNPs, such as PEI, PAMAM, glycodendrimers and trz-containing dendrimers. For example, Jiang et al. [START_REF] Liu | Amphiphilic hyperbranched copolymers bearing a hyperbranched core and a dendritic shell as novel stabilizers rendering gold nanoparticles with an unprecedentedly long lifetime in the catalytic reduction of 4-nitrophenol[END_REF] reported the amphiphilic hyperbranched PEI-stabilized AuNPs with the remarkable TON of 23 000 h -1 . Tam et al. [START_REF] Chen | Sustainable Catalysts from Gold-Loaded Polyamidoamine Dendrimer-Cellulose Nanocrystals[END_REF] described one of the best TOFs of 5 400 h -1 from G6 PAMAM dendrimer-grafted cellulose nanocrystals. Compared with these known dendrimer-stabilized AuNPs catalysts for the reduction of 4-NP, the amount of AuNPs in our work is very low, and especially our DP-encapsulated AuNP-2 catalyze the fast chemical reduction of 4-NP to 4-AP with the very high TON of 25 000 and TOF of 26 400 h -1 . 

Conclusion

ROMP is successfully used to construct high-generation ferrocene-containing amphiphilic dendronized diblock copolymers. Spherical nanoscale micelles are prepared by the self-assembly of the resulting amphiphilic dendronized diblock copolymers and their sizes are dependent on the cosolvents (THF or DMSO). The amphiphilic dendronized diblock copolymers are used as stabilizers and reductants for the fabrication of DP-encapsulated AuNPs and AgNPs of around 2 nm. Whereas such small nanoparticles sizes are obtained by using NaBH4 as reductant,[102], and the absence of this strong reductant produces large Au and Ag NPs owing to the weak reducing power of the ferrocenyl groups.[103,104] The high catalytic activity of DP-encapsulated AuNPs and AgNPs is confirmed by the model reduction of 4-NP to 4-AP. AuNP-2 with a size of 2.1 ± 1.5

Figure 1 .

 1 Figure 1. SEM images of self-assembled diblock copolymer 5 with THF (a, b) and DMSO (c, d) as cosolvents, respectively. Statistical diameter distributions of self-assembled diblock copolymer 5 with THF (e) and DMSO (f) as cosolvents, respectively.

Figure 2 .

 2 Figure 2. AFM phase images of self-assembled diblock copolymer 5 with THF (a) and DMSO (b) as cosolvents, respectively. AFM height images of self-assembled diblock copolymer 5 with THF (c) and DMSO (d) as cosolvents, respectively. Statistical diameter distributions of self-assembled diblock copolymer 5 with THF (e) and DMSO (f) as cosolvents, respectively.

Figure 4 .

 4 Figure 4. TEM images of AuNPs and AgNPs stabilized by DCP 5. (a) TEM image, size distribution and EDS spectrum of AuNP-1; (b) TEM, HRTEM, size distribution and EDS spectrum of AuNP-2; (c) TEM, HRTEM, size distribution and EDS spectrum of AgNP-1; (d) TEM, size distribution and EDS spectrum of AgNP-2.

Figure 5 .

 5 Figure 5. UV-vis. spectra for the reaction mixture monitored in different time intervals using AuNP-2 (0.008 mol%) as catalyst for the reduction of 4-NP.

Figure 6 .

 6 Figure 6. The reduction reaction of 4-NP by NaBH4 catalyzed by AuNPs and AgNPs at different amount. (A) plots of ka vs. AuNPs and AgNPs; (B) plots of the reaction time for 100% conversion vs. AuNPs and AgNPs; (C) plots of TON vs. AuNPs and AgNPs; (D) plots of TOF vs. AuNPs and AgNPs. AuNP-2 (a) and AgNP-1 (a) were samples that were stored for two months.

  

Table 1 .

 1 MW and diameter data for diblock copolymer 5. Msec]:[C] : feed molar ratio of the first and the second monomer to catalyst 1. b Monomer conversion determined by

	Copolymers	5	
	[Mfir]:[Msec]:[C] a	5:15:1	
	Conv b (%)	>99	
	MW c	56400	
	Mn d	48500	
	Cosolvent	THF	DMSO
	DSEM e (nm)	160 ± 40	140 ± 30
	HAFM f (nm)	45 ± 15	25 ± 8
	DAFM g (nm)	150 ± 35	110 ± 30
	DDLS h (nm)	288	219
	a [Mfir]:[		

Table 2 .

 2 Comparison of 4-NP reduction by NaBH4 using dendrimer-encapsulated AuNPs catalysts in the recent literatures.

	Stabilizer ref	AuNPs (mol%)	Diamete r (nm)	NaBH4 (equiv. )	ka (s -1 )	TONs	TOFs (h -1 )
	Amphiphilic hyperbranched PEI copolymers 92	0.052 a	3.0 ± 0.5	125	7.5 × 10 -3	23000	-
	Amphiphilic hyperbranched Hx-PEI-PEG 94	0.25 a	6.85 ± 0.82	500	4.27 × 10 -3	400	1500
	Dendritic amphiphile of PEI@PS 95	0.74	8.5 ± 1.8 1125	6.3 × 10 -3	130	390
	G4 PAMAM-NH2 dendrimer 96	0.33 a	3.1 ± 0.5	167	2.51 × 10 -2	300	-
	G4 PAMAM-NH2 dendrimer 97	0.04 a	3.1 ± 0.5	167	8.9 × 10 -5	2150	-
	G4-PAMAM-NH2 dendrimer 98	0.125 a	1.23 ± 0.13	5000	9.88 × 10 -3	800	-
	G5 PAMAM dendrimers modified by MA/CA 99	0.0067 a	1.85 ± 0.61	3333	2.01 × 10 -4	-	-
	G6 PAMAM dendrimer-grafted cellulose 93	1 a	2-4	400	1.5 × 10 -2	-	5400
	Trz-containing glycodendrimers 100	10	3.7 ± 0.4	100	9.9 × 10 -3	-	-
	Trz-containing amphiphilic dendrimer 68	0.5	6.6	81	2.4 × 10 -3	200	-
	Trz-containing nona-PEG branched dendrimers 101	0.5	3.2	80	5.1 × 10 -3	200	-

a Values calculated using the related references. PAMAM: Polyamidoamine; Trz: 1,2,3-triazole; PEI: polyethylenimine; Boltorn Hx: aliphatic hyperbranched polyesters; PEG: polyethylene glycol; PEI@PS: hyperbranched PEI functionalized with polystyrene and dodecyls; MA: maleic anhydride; CA: cysteamine.
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nm determined by TEM exhibits the highest catalytic efficiency with TONs of 25 000 and TOFs of 26 400 h -1 . Furthermore, AuNP-2 and AgNP-1 show long-term stability and efficiency for the catalysis of 4-NP reduction after at least two months.
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Graphical Abstract

Highly-branched amphiphilic ferrocenyl-containing dendronized diblock and random copolymers are prepared by ROMP and used as stabilizers or reductants to synthesize AuNPs and AgNPs for high-efficiency catalysis in 4-nitrophenol reduction.