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Identifying and ensuring the intactness of products plays an important role in today´s globalized world. Additives that act as miniaturized identifiers or destruction indicators are thus required to monitor the product itself rather than applying external labels. Ideally, multiple information is stored within such additives, which is rarely reported, yet. In this work, micron-sized particles were developed, that are sufficiently small to equip material surfaces with the demanded information. The utilized supraparticles (micron-sized particles, built-up from nanoparticle building blocks), were obtained by a two-step spray-drying process, yielding a core-shell structure.

The supraparticle core contains iron oxide nanoparticles, which can "communicate" a spectral magnetic code that enables the identification of the product via magnetic particle spectroscopy.

The fluorescent silica nanoparticles in the supraparticle shell can be sheared-off by mechanical stress, which can be resolved by fluorescence spectroscopy. This enables extracting information regarding the mechanical intactness of the system. Thus, not only one but two types of information are provided by every supraparticle. The application towards "communicating surfaces" that contain multiple information was demonstrated herein via the incorporation of such supraparticles as additives into a surface coating. Successfully, both types of information could conveniently be read out from such surfaces.

Introduction

In increasingly complex global supply chains, backtracing the true origin of products is essential to guarantee the high quality of manufactured goods. Improved traceability of even the smallest sub-components is only achieved when identifiers are linked with materials rather than being applied on macroscopically attached external labels. Macroscopic barcodes or radio-frequency identifiers (RFIDs) [START_REF] Koelle | Short-range radio-telemetry for electronic identification, using modulated RF backscatter[END_REF] thus have to be replaced by miniaturized taggants. [START_REF] Vollath | Bifunctional nanocomposites with magnetic and luminescence properties[END_REF][START_REF] Shikha | Versatile design and synthesis of nano-barcodes[END_REF] Besides nanoparticulate taggants [START_REF] Puddu | Magnetically recoverable, thermostable, hydrophobic DNA/silica encapsulates and their application as invisible oil tags[END_REF][START_REF] Paunescu | Particles with an identity: tracking and tracing in commodity products[END_REF] , which have their advantages and shortcomings, one promising alternative are specifically designed additives in the form of supraparticles [START_REF] Wintzheimer | Supraparticles: Functionality from uniform structural motifs[END_REF] , i.e. nanostructured, micron-sized particles, which are equipped with information. [START_REF] Puddu | Magnetically recoverable, thermostable, hydrophobic DNA/silica encapsulates and their application as invisible oil tags[END_REF][START_REF] Bao | Selfassembly of LaF 3: Yb, Er/Tm nanoplates into colloidal spheres and tailoring their upconversion emissions with fluorescent dyes[END_REF][START_REF] Miller | Luminescent Supraparticles Based on CaF2-Nanoparticle Building Blocks as Code Objects with Unique IDs[END_REF][START_REF] Song | Nonblinking plasmonic quantum dot assemblies for multiplex biological detection[END_REF][START_REF] Zhang | Multicolor upconverted luminescence-encoded superparticles via controlling self-assembly based on hydrophobic lanthanide-doped NaYF4 nanocrystals[END_REF] Such additives could contain information used for object identification, or for an irreversible recording of external influences such as temperature [START_REF] Reichstein | Communicating Particles: Identification Taggant and Temperature Recorder in One Single Supraparticle[END_REF] , moisture [START_REF] Wehner | Composite materials combining multiple luminescent MOFs and superparamagnetic microparticles for ratiometric water detection[END_REF][START_REF] Wehner | Superparamagnetic luminescent MOF@ Fe3O4/SiO2 composite particles for signal[END_REF] , gases 14,15 , or mechanical stress 16,17 that may have affected the material previously.

Thinking further ahead, creating a supraparticle with properties that enables the read out of multiple levels of information within one entity would open up numerous possibilities. These are for instance: multi-encoded identification [18][19][20][START_REF] Wang | SERS-fluorescence joint spectral encoding using organic-metal-QD hybrid nanoparticles with a huge encoding capacity for high-throughput biodetection: putting theory into practice[END_REF] , recording of several different environmental influences at once, or identification of the material while simultaneously recording environmental influences. [START_REF] Reichstein | Communicating Particles: Identification Taggant and Temperature Recorder in One Single Supraparticle[END_REF] Such micron-sized particles with multiple physical signals are demanded for applications such as recycling of waste streams [START_REF] Ahmad | A new technology for automatic identification and sorting of plastics for recycling[END_REF] , repair measures of electronic devices [START_REF] Reichstein | Communicating Particles: Identification Taggant and Temperature Recorder in One Single Supraparticle[END_REF] , anticounterfeiting 18 or biomedical applications [19][20][START_REF] Wang | SERS-fluorescence joint spectral encoding using organic-metal-QD hybrid nanoparticles with a huge encoding capacity for high-throughput biodetection: putting theory into practice[END_REF] . Yet, success in the read out of multiple levels of information has been very rarely reported to date.

In this work, a multifunctional supraparticle is presented, enabling identification and irreversible recording of mechanical stress, simultaneously. Both types of information are stored within one micron-sized entity, resulting in high reliability and resolution of the two types of information obtained. The working principle of the smart supraparticles is successfully demonstrated via their integration into a coating. Coatings represent an ideal use case for the embedment of such (micro)particles, as coatings can be flexibly applied onto diverse product components and are routinely employed in modern materials production to refining surface properties. In order to obtain such "communicating surfaces", that are equipped with additives providing information, several demands concerning both, the used supraparticles, and the resulting surface itself, must be addressed and resolved and fulfilled, respectively: Firstly, the optically detectable shear stress functionality:

yields an optical signal change upon shear-stress application provides an optical signal although optically absorbing magnetic materials are present Secondly, the magnetic ID functionality:

must enable the unique identification of the communicating surface, ensuring that different communicating surfaces are distinguishable provides a magnetic signal that remains stable upon shear stress application, thus making identification possible at any time during the lifespan of the surface Thirdly, the coating, which carries the indicator supraparticles:

should not interact with either the optical or the magnetic signal the coating thickness and supraparticle size has to fit in a way that a molehill-like structure arises (see Figure 1) A working concept for a complex supraparticle structure was developed to address all of the abovementioned challenges. A multi-hierarchical structure is envisioned, where both, the ID signal and the shear stress indicator, are combined in one supraparticle (Figure 1). In the proposed concept, the shell of the supraparticles should be based on dye-doped silica nanoparticles, which would indicate the shear stress. The supraparticle core should carry the ID, which could be provided by magnetic iron oxide nanoparticles and resolved by magnetic particle spectroscopy (MPS). [START_REF] Müssig | A Single Magnetic Particle with Nearly Unlimited Encoding Options[END_REF][START_REF] Müssig | Supraparticles with a Magnetic Fingerprint Readable by Magnetic Particle Spectroscopy: An Alternative beyond Optical Tracers[END_REF][START_REF] Rauwerdink | Simultaneous quantification of multiple magnetic nanoparticles[END_REF] After integration of the supraparticles into a coating, the luminescent nanoparticulate shell (Figure 1 a1) should progressively be destroyed (Figure 1 b1, c1) upon application of shear stress. This could yield a decreased relative intensity in their optical response (Figure 1 a2, b2 and c2).

As the magnetically readable ID, provided by the supraparticle core, has to be capable of being read out during the whole lifespan of the coating, it has to be unaffected by shear forces (Figure 1 a3, b3 and c3). Thus, the supraparticle shell would indicate mechanical forces due to a decrease in luminescent signal intensity and simultaneously magnetic identification should be possible independent of mechanical destruction. As many different surfaces could thereby be equipped with information, the visionary idea of "communicating surfaces" could be brought to reality. Within this communicating surface, every single spot carries both types of information, the ID and information on the mechanical intactness of the coating. appear. This mechanical degradation of the supraparticles is optically monitored by a decrease in fluorescence intensity (a2, b2, c2). The iron oxide nanoparticles in the supraparticle core are used to identify the communicating surface magnetically. Importantly, this functionality is unaffected by mechanical forces (a3, b3, c3). Thereby, a shear sensitive functionality is combined with a shear stable ID, equipping the surface with both types of information.

Results and Discussion

In order to turn the concept, as depicted in Figure 1, into reality, a special type of dye-doped luminescent silica nanoparticles was developed. In a first step, rhodamine hydrochloride was silanized with 3-(triethoxysilyl)propyl isocyanate (ICPTES) and prehydrolized in an ethanolic ammonia solution to create dye-clusters. [START_REF] Wang | Multicolor FRET silica nanoparticles by single wavelength excitation[END_REF] In a second step, tetraethoxysilane was added and silica nanoparticles were formed. Through this prehydrolization process, the dye-clusters built the centre of the formed silica nanoparticles. Due to this crucial step, dye molecule leakage from the silica nanoparticles was prevented, both, during further processing steps, and also in the supraparticulate form within the coating lacquer. Overall, the dye coupling to the silica / silane system turned out to be very complex and at the same time crucial to achieve the ultimately desired properties. In order to focus the reader on the overall functionality of our system, this exhaustive study on the dye-system (fundamental characterization of the dye coupling reactions (Fig. S1,S3) with optical spectroscopy (Figure S2, S6), NMR (Figure S4, Figure S5), and MS can be found in the ESI.

The iron oxide nanoparticles in the supraparticle core are designated to provide a magnetic ID that enables the identification of the communicating surfaces. In order to do so, different nanoparticles were synthesized that vary in their magnetic properties, due to doping the iron oxide with cobalt ions during their synthesis (see Material and methods section).

These optical and magnetic signal carriers were subsequently structured into core-shell supraparticles to obtain the desired multifunctionality. This was done by assembling the magnetic nanoparticles as a core and the luminescent nanoparticles as a shell, using spray-drying in two subsequent steps. In the first step, two cores were manufactured, each containing one of the two iron oxide nanoparticle types, respectively. During the second spray-drying event, dye-doped silica nanoparticles were arranged as a luminescent nanoparticulate shell around the previously synthesized cores.

Sensitivity of the communicating surface towards external shear stress is obtained by embedding the supraparticles only partly in the coating and partly leaving them to stick out of it (Figure 1 Secondly, the reduction of fluorescence intensity is caused by the loss of dye-doped shell nanoparticles after mechanical abrasion. [START_REF] Wenderoth | Abrasion Indicators for Smart Surfaces Based on a Luminescence Turn-On Effect in Supraparticles[END_REF] Identification of the communicating surface by magnetic IDs was achieved by utilizing magnetic particle spectroscopy (MPS). In contrast to data from other magnetometers, the measured timedependent voltage, which originates from the magnetic samples after their excitation in an alternating current magnetic field, is Fourier transformed. This yields a spectral magnetization amplitude decay as a function of frequency that describes the response of magnetic samples towards an external magnetic field. [START_REF] Biederer | Magnetization response spectroscopy of superparamagnetic nanoparticles for magnetic particle imaging[END_REF] This fairly unknown, but very powerful spectral description is essential for the presented communicating surface, because other identification principles, such as magnetic read out of defined geometrical patterns [START_REF] Wang | Multi-segmented nanowires: a high tech bright future[END_REF][START_REF] Park | microstructure, and physical properties of metallic barcode nanowires[END_REF] might be unsuitable for this application due to their mechanical destruction. As no sophisticated cooling systems are required for MPS, a relatively inexpensive device with measurement times in the order of (milli)seconds is feasible with a geometrically customizable detection coil. Additionally, the magnetic signal is independent of marker concentration and external influences such as read-out sensitivity or the presence of paramagnetic or diamagnetic material. Thus, MPS provides a powerful analytical tool to be utilized beyond a laboratory environment. Unique spectral IDs can flexibly be generated by the variation of the utilized magnetic particles. Significantly different spectrally represented signal decays for communicating surfaces 1 and 2 are thus observed, as they contain different magnetic nanoparticles (Figure S7). In order to simplify the ID, which is determined by its spectral magnetization amplitude decay, the ratio of the magnetization amplitude of the fifth harmonic A5 to the third harmonic A3 (A5/A3) is used. This ratio describes the (negative) slope of each spectrum and is used, herein, as a very simplified magnetic ID parameter. Inspection of these ID parameters as a function of shear cycles (Figure 2 b2, black and red circles) reveals two important aspects: Firstly, the respective ID parameters remain constant over all shear cycles (within the limits of the error bars, which represent the standard deviation of the measurements). This means that the magnetic ID is independent of applied shear stress, which is an essential feature in order to identify the communicating surface during its complete lifespan independently of mechanical damage.

Secondly, the signals of the two different communicating surfaces are distinguishable, thereby allowing their identification and distinction due to their respective magnetic spectral ID.

The potential for applications is expressed as the fabricated surface (coating) is visually almost unaffected by the incorporation of supraparticles (see digital photograph in Figure 2 c).

Furthermore, the applied shear stress (see the marking of cycle numbers in Figure 2 c) cannot be observed by eye, confirming the sensitivity of the shear stress indication. The luminescence signals can be detected by handheld fluorescence spectrometer devices outside a defined sample geometry, enabling analysis of various object geometries. In addition to the luminescence read out, the magnetic functionality is identified sensitively by a handheld device with adjustable geometry, as well. Noteworthy, the mass of magnetic material in the communicating surface is as low as in the order of 7 µg cm -², which reveals the remarkable sensitivity of this handheld MPS detector. As schematically illustrated (Figure 2 d), a sending and detection coil, which is connected to power supply and data processing is all that is required from a user`s perspective for very simple read out. Spectral evaluation as well as all necessary adjustments prior to or in between measurements are automized by a home written code.

Figure 2: Scanning electron microscopy images of synthesized supraparticles incorporated into communicating surfaces after 0, 100, 250, 500, 750 and 1000 shear cycles (a1-a6). The initially spherical shape is progressively damaged due to applied mechanical forces. This mechanical destruction yields a decrease in normalized fluorescence intensity (b1), demonstrating that shear stress is optically monitored for two different communicating surfaces (red and black filled squares). The magnetic IDs (b2), that originate from two different magnetic cores of the supraparticles in the communicating surfaces (red and black empty circles), are distinguishable from one another and remain constant, thus enabling identification, independently of the mechanical destruction. The dotted line is a guide for the eye that represents the values after 0 cycles. The transparent appearance of the communicating surface (c) shows almost no undesired visual constraint originating from the supraparticles. As this indicates a very low amount of utilized supraparticles (7 µg cm -2 ), the sensitivity to resolve the magnetic IDs by a mobile MPS sensor is noteworthy (c). Due to the unsophisticated physical hardware utilized (as schematically shown in d), a mobile read out as well as customizable sensor geometries are feasible, which demonstrate its promising potential for applications.

The provided proof-of-principle for communicating surfaces opens up the possibility to equip various objects with information, as the information is stored within supraparticles that can be used as universally applicable additives.

Conclusion

In this work, a coating based on supraparticles that carry two different types of information was demonstrated. The presented multifunctionality originates from a core-shell supraparticle design.

The luminescent, particulate shell provides a luminescent signal, which changes irreversibly upon shear stress application. This was utilized to gain information about mechanical damage that might have deteriorated the quality of the marked object. The core of the supraparticles carries a shearstable spectrally resolved magnetic ID, thereby enabling identification by magnetic particle spectroscopy. The utilized iron oxide nanoparticles have the main function of magnetic identification but also to absorb light emission for the shear stress indication. The feasibility to create "communicating surfaces" with such multifunctional supraparticles was demonstrated after their incorporation into a coating. The sensitive and mobile detection of the luminescent and magnetic signals increases the relevance of the presented system for backtracing of global supply chains and quality control applications. The surface "communicates" irreversible mechanical damage while its identification is independent of such.

Materials and methods:

Chemicals were purchased from Sigma-Aldrich (Germany) unless stated otherwise. Ammonium hydroxide solution was purchased from Merck (Germany), rhodamine hydrochloride from abcr (Germany) and iron chloride tetrahydrate from Fluka (Germany). All chemicals were used without further purification. All syntheses were done in deionized water.

Iron oxide syntheses:

Superparamagnetic iron oxide nanoparticles (SPIONs) were obtained during a co-precipitation reaction. In order to synthesize SPION1, iron(III) chloride hexahydrate (FeCl3•6 H2O, 10.80 g, 40 mmol, Sigma Aldrich, >99%) and iron(II) chloride tetrahydrate (FeCl2•4 H2O, 3.98 g, 20 mmol, Fluka, >99%) were dissolved in deionized water (225 mL) at room temperature and mixed with 30% aqueous ammonia solution NH3(aq.) (25 mL). SPION2, which was used to fabricate the second communicating surface, was synthesized by partial substitution of FeCl3•6 H2O with CoCl2•6 H2O (Sigma Aldrich, >98%). For SPION2 10.0 g FeCl3•6 H2O (37 mmol) and 0.72 g CoCl2•6 H2O (3 mmol) were used, while the amount of FeCl2•4 H2O was unchanged. Subsequently, the black precipitate was magnetically separated after 60 s of stirring, washed three times with deionized water and redispersed in deionized water (250 mL) for 2 min.

The nanoparticles were redispersed in a 50 mM aqueous citric acid solution (C6H8O7, Panreac AppliChem, ACS reagent, 500 mL) and washed 3 times with deionized water to obtain a stable ferrofluid.

Dye-doped silica nanoparticles:

The dye stock solution was prepared by dissolving 10 mg (1 eq) of rhodamine 110 in 2 mL of dimethyl sulfoxide and mixed with 40.9 µL (6 eq) of 3-(triethoxysilyl) propyl isocyanate. The reaction mixture was stirred for further 24 h. The synthesis of silica nanoparticles is primarily based on a modified Stöber process and is done according to the literature. [START_REF] Wang | Multicolor FRET silica nanoparticles by single wavelength excitation[END_REF] 300 mL of ethanol was mixed with 15 g of aqueous ammonia solution (25 wt%) before 300 µL of the dye suspension was added. The mixture was allowed to stir overnight before 15 g of tetraethoxysilane were added under vigorous stirring. After 20 h reaction time the particle dispersion was purificated by vacuum evaporating and dialyses (molecular weight cut-off: 10 kDa, cellulose acetate membrane, Nadir, Roth, Germany).

Supraparticle preparation:

The indicator supraparticles were prepared in a two-step spray-drying process using a B-290 mini spray-dryer (Büchi, Switzerland). In a first step the iron oxide core particles prepared as follows: SPION1 or SPION2, respectively were dispersed with silica nanoparticles (Köstrosol K9550, Chemiewerk Bad Köstritz, Germany) in a weight ratio 1:9 with subsequent addition of 30 wt.% (referred to the total particle mass) calcium chloride (CaCl2, Supelco). This dispersion was spraydried with an ultrasonic nozzle with an inlet temperature of 80 °C, resulting in an outlet temperature of 51 °C and aspirator power of 80%. The resulting spherical supraparticles were washed and mixed in a second step in a weight ratio of 1:1 with dispersed dye-doped silica nanoparticles. The inlet temperature was set to 140 °C which results in an outlet temperature of 85 -90 °C, whereas the aspirator power was at 75%.

Coating: 150 mg indicator supraparticles were suspended and mixed in 1.5 mL coating lacquer [START_REF] Ballweg | Coatings with a Mole-hill Structure of Nanoparticle-Raspberry Containers for Surfaces with Abrasion-Refreshable Reservoir Functionality[END_REF] and coated with a 20 µm doctor blade on a polyolefin foil using a Coatmaster 590 MC (Erichsen D.H., Magnetic measurements were performed by F.F. Magnetic data analysis, interpretation and conclusions were drawn by S.M. and discussed with S.We. SEM characterization was done by J.P.

Figures were created by S.We. and S.M. Original publication draft was written by S.M. and S.We. with input from F.F.. Reviewing and editing was performed by S.M., S.We., S.Wi., E.G., K.H., F.F. and K.M. All authors proof-read and commented on the publication. S. Müssig and S. Wenderoth contributed equally to this work.
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Figure 1 :

 1 Figure 1: Conception to achieve communicating surfaces based on supraparticles, equipped with a magnetic ID and an optical shear stress indicator functionality, integrated into coatings in a molehill-like arrangement. With increasing shear stress, a fluorescent, nanoparticulate shell (dye-doped silica nanoparticles, see results part) of initially intact supraparticles (a1) is sheared off (b1 and c1), letting a black core (the magnetic ID material, iron oxide nanoparticles, see results part)

  a1) (see Materials and Methods section). As the two types of information are combined in each supraparticle, the respective ID and shear stress indication could be related to each other with high lateral resolution.On the created coatings, abrasion tests were subsequently conducted by shearing a cube-shaped stamp (1.5 x 1.5 cm), equipped with an abrasion paper, for up to 1000 cycles over the surface. One cycle represents the movement forward and backward over a length of 7 cm (see Materials and Methods section). As indicated by scanning electron microscopy images (Figure2a1-a6), large parts of the supraparticles that stuck out of the surface, got progressively chopped off. This mechanical destruction of the supraparticles is utilized for the shear stress indication. With increasing shear cycles, a progressive fluorescence intensity reduction up to approximately 90% was obtained for communicating surface 1 after normalization to its initial fluorescence intensity (Figure 2 b1, black squares). The communicating surface 2 shows a reduction of fluorescence intensity to around 40% after 1000 shear cycles (Figure 2 b1, red squares). With increasing surface abrasion, a larger share of light absorbing iron oxide nanoparticles, previously hidden within the core, is revealed. This yields the observed decrease of normalized fluorescence intensity, mainly because of two different processes: Firstly, due to the uncovering of the light absorbing supraparticle core, the emitted light of the dye-doped supraparticle shell is absorbed. The reduction of the fluorescence intensity thus depends on the light absorption properties of the supraparticle composition. As the two different iron oxide core supraparticles have different chemical compositions, also their fluorescence intensity reduction differs.

  augmentation by magnetic harvesting as potential water detectors. ACS applied materials & interfaces 2016, 8(8), 5445-5452. (14) Wintzheimer, S.; Oppmann, M.; Dold, M.; Pannek, C.; Bauersfeld, M.-L.; Henfling, M.; Trupp, S.; Schug, B.; Mandel, K. Indicator Supraparticles for Smart Gasochromic Sensor Surfaces Reacting Ultrafast and Highly Sensitive. Particle & Particle Systems Characterization 2019, 36 (10), 1900254. (15) Pannek, C.; Vetter, T.; Oppmann, M.; Weber, C.; Eberhardt, A.; Dold, M.; Bauersfeld, M.-L.; Henfling, M.; Trupp, S.; Schug, B. Highly sensitive reflection based colorimetric gas sensor to detect co in realistic fire scenarios. Sensors and Actuators B: Chemical 2020, 306, 127572. (16) Wintzheimer, S.; Reichstein, J.; Wenderoth, S.; Hasselmann, S.; Oppmann, M.; Seuffert, M. T.; Müller-Buschbaum, K.; Mandel, K. Expanding the horizon of mechanochromic detection by luminescent shear stress sensor supraparticles. Adv. Funct. Mater. 2019, 29 (19), 1901193. (17) Wintzheimer, S.; Müssig, S.; Wenderoth, S.; Prieschl, J.; Granath, T.; Fidler, F.; Haddad, D.; Mandel, K. Hollow Superparamagnetic Nanoparticle-Based Microballoons for Mechanical Force Monitoring by Magnetic Particle Spectroscopy. ACS Appl. Nano Mater. 2019, 2 (10), 6757-6762. (18) Li, R.; Zhang, Y.; Tan, J.; Wan, J.; Guo, J.; Wang, C. Dual-mode encoded magnetic composite microsphere based on fluorescence reporters and raman probes as covert tag for anticounterfeiting applications. ACS Appl. Mater. Inter. 2016, 8 (14), 9384-9394. (19) Alvarez-Puebla, R. A.; Pazos-Perez, N.; Guerrini, L. SERS-fluorescent encoded particles as dual-mode optical probes. Applied Materials Today 2018, 13, 1-14.

Testing Equipment, Germany). After 10 min curing at room temperature the foils were heated up to 90 °C for 30 min.

Characterization:

Magnetic particle spectroscopy:

Magnetic particle spectroscopy (MPS) measurements of powders and coatings were performed similar to recent work [START_REF] Müssig | Reversible magnetism switching of iron oxide nanoparticle dispersions by controlled agglomeration[END_REF] with a self-built spectrometer based on the electronics of a commercial magnetic particle spectrometer (MPS Unit, Pure Devices GmbH, Rimpar, Germany) and a probehead designed similar to patent WO2014068303. Excitation field strength was 17 mT at a working frequency of 20 kHz. Before each measurement, calibration without probe was done, consisting of zero adjustment of the residual signal at the excitation frequency and recording of an empty spectrum that was subtracted automatically from the consecutive measured spectra.

Additional to the spectral information an errorbar is calculated based on the measured signal. Data acquisition time for a single measurement was 8 ms, averaging factor of 5 was applied here.

Fluorescence spectroscopy:

Emission spectra were conducted using a FP-8600 (Jasco, Japan) equipped with a solid sample holder (FDA-808, Jasco, Japan). The excitation wavelength was set to 490 nm and the spectra were recorded from 500 -620 nm.

Scanning electron microscopy:

Scanning electron microscopy images were recorded using a Supra 25 SEM (Zeiss, Germany) at 2 kV (field emission) and a working distance of 4 mm. The samples were sputtered with platinum for 5 s at 50 mA (MED 010, Balzers Union).

Abrasion experiments:

Abrasion experiments were done using an automated crockmeter (Tomsic, Italy). On a glass slide, the film was fixed and a squared test finger (1.5 x 1.5 cm) equipped with an abrasion paper (SiC, roughness #4000, grain size 5 µm, Struers, Germany) was set in a 90 ° angle on top of the film.

The track length was set to 7 cm, with a finger load of 4 N and a cycle number between 0 and 1000 shear cycles. ASSOCIATED CONTENT (Word Style "TE_Supporting_Information"). Supporting Information. Detailed characterization of the dye-coupling synthesis and MPS spectra of the communicating surfaces are found in the supporting information.

Author Contributions

Overarching research goals were developed by S.We., S.M., S.Wi. and K.M. Supervision of the whole project was done by S.M., S.We., S.Wi. and K.M. Preceding experiments, knowledge acquisition, and identification of key problems was performed by S.M., S.We and F.F. Magnetic nanoparticles were synthesized by S.M. Dye-doped silica nanoparticles were conceptualized, synthesized and characterized by S.We. S.Wi. E.G., and K.H (ESI). Interpretation and conclusions were drawn by S.We., Dye-coupling experiments were performed, characterized and interpreted by S.We., E.G., K.H. and S. Wi. Utilized supraparticles were conceptualized by S.We. with support of S.M. and S.Wi. Supraparticles were synthesized by S.We. S.M. and J.P. Incorporation of supraparticles into the coating and abrasion tests were performed, optically characterized and interpreted by S.We and discussed with S.M.. Magnetic sensor development was done by F.F. and