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Issues related with the analysis of nanomaterials
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Objects which external size in at least one dimension is below 100 nm are nanomaterials. Such materials display unique properties compared with bulk with same composition. They interest many fields of the industry including applications in medicines. Properties, functionality and activity depend on their chemical nature and physical attributes. This chapter was focused on the analysis of their physical attributes considering (i) the different attributes interested to analyse to define nanomaterial identity and insure quality in an industrial perspective, (ii) methods of analysis for which automated measurement instruments and standardization were developed, (iii) needs to analysis of other key attributes. A wide range of physical attributes can define nanomaterials. Only the size, size distribution and surface charges can be evaluated with automated instruments and were the subject of a standardization. Additional methods and standard materials are needed to improve quality control of nanomaterials.

Introduction

Nanomaterials comprise objects which external size in at least one dimension is below 100 nm (references are given under "Nanomaterial definition"). They are materials built from the assembly of many molecules that can be identical or of different nature. Because of their very small size, highly developed specific surface area is the seat for an intense interfacial reactivity which is not found in the same materials occurring at a larger size that exposed a much smaller specific surface area to the surrounding media. Thanks to their very small size, nanomaterials display unique properties which differ from those found on material of the same composition occurring in bulk. They interest many fields of the industry [START_REF] Thirumavalavan | A Short Review on Applications of Nanomaterials in Biotechnology and Pharmacology[END_REF][START_REF] Singer | Nanobiotechnology Medical Applications: Overcoming Challenges Through Innovation[END_REF], in analytical science [START_REF] Hussain | Nanomaterials in chromatography: current trends in chromatographic research technology and techniques[END_REF] and are considered for applications in medicines [START_REF] Mura | Nanoteranostic for personalized medicine[END_REF][START_REF] Juliano | The delivery of therapeutic oligonucleotides[END_REF][START_REF] Pelaz | Diverse Applications of Nanomedicine[END_REF][START_REF] Ventola | Progress in Nanomedicine: Approved and Investigational Nanodrugs[END_REF][START_REF] Lamch | Recent progress in the engineering of multifunctional colloidal nanoparticles for enhanced photodynamic therapy and bioimaging[END_REF] Properties, functionality and activity of nanomaterials closely depend on their chemical nature and physical attributes. As for all manufactured products, quality and safety of use require strict quality control analysis. The chemical composition can be accessed with analytical techniques generally used to analyze other materials. In contrast, analysis of physical attributes of nanomaterials is more difficult to achieve due to the small size and requires the development of specific analytical methods. In addition, nanomaterials generally occur as a population of individual nano-objects. In the ideal case, the population is composed of perfectly identical nano-objects. However, very few engineering methods are suitable to produce such "ideal" nanomaterials. In general, they are composed of individual nano-objects each having their own characteristics that can differ more or less from that of the mean value found for the population.

Deviation from the mean value of key attributes may significantly influence the performance of the nano-object in the framework of its intended use. So, the distribution of the population around the mean value of key attributes is an important characteristic to determine too. In this context, it is noteworthy that even accurate evaluations of the size and size distribution of a nanomaterial which are obvious attributes to determine are challenging tasks [START_REF] Anderson | A comparative study of submicron particle sizing platforms: accuracy, precision and resolution analysis of polydisperse particle size distributions[END_REF], Crist et al., 2013[START_REF] Clogston | Physicochemical characterization of polymer nanoparticles: challenges and present limitations[END_REF], Varenne et al., 2016). Artifacts may also contribute to the misinterpretation of the measurement results hence to draw incorrect conclusions with possible impact evaluating possible hazards of nanomaterials (Pertersen et al., 2014).

At present, very few nanomaterial attributes can be evaluated in routine. These include general attributes such as the size, size distribution and surface charges through the evaluation of their zeta potential. Several affordable instruments to achieve their measurements are available on the market. Morphology which is another general attribute of nanomaterials can be determined by electron microscopy or using atomic force microscopy (AFM). These techniques provide images of nanomaterials and can be found on technological platforms in Universities and in some private analytical laboratories. Attributes that are more closely linked with functionalities exploited in the application of the nanomaterial are more challenging to evaluate. Their determination is often pending to the application of analytical methods used in research. Today, the low number of methods of characterization of nanomaterials that can be applied in routine considerably limits the number of attributes evaluated during quality control assessment of nanomaterials. This is an issue for the development of such materials and especially for nanomedicines which safety and activity cannot be evaluated confidently only from their measurable general attributes as pointed out in several recent papers [START_REF] Hamad | Distinct polymer architecture mediates switching of complement activation pathways at the nanosphere-serum interface: implications for stealth nanoparticle engineering[END_REF][START_REF] Dobrovolskaia | Current understanding of interactions between nanoparticles and the immune system[END_REF][START_REF] Anchordoquy | Mechanisms and Barriers in Cancer Nanomedicine: Addressing Challenges, Looking for Solutions[END_REF][START_REF] Siegrist | Preclinical hazard evaluation strategy for nanomedicines[END_REF], Coty and Vauthier, 2018). The objective of this chapter was to review and discuss the present state of the art on the analysis of physical attributes of nanomaterials. A first part attends to list the different attributes that may be used to characterize nanomaterials in relation with their intended applications. The second part points out the few attributes that can be determined in routine thanks to the existence of suitable marketed measurement instruments. This part of the chapter will also examine the stage of the standardization and remaining analytical issues. In the last part, the evaluation of other attributes will be considered based on techniques applied in research or methods that are used to characterize non-nanomaterials. From a few examples, problems that may arise using techniques not-specifically designed for the characterization of nanomaterials will be discussed.

While this chapter attempts to discuss issues related with the analysis of nanomaterials in general, specific examples were drawn from the characterization of nanomedicines designed for a use in human clinics. Applications in the domain of medicine include a wide range of nanomaterials developed for therapeutic and/or diagnostic purposes [START_REF] Zhang | Interactions of nanomaterials and biological systems: Implications to personalized nanomedicine[END_REF][START_REF] Thirumavalavan | A Short Review on Applications of Nanomaterials in Biotechnology and Pharmacology[END_REF][START_REF] Singer | Nanobiotechnology Medical Applications: Overcoming Challenges Through Innovation[END_REF]. Their use can differ from their composition and structures a lot depending on the specific application they are designed for (Kamarly et al., 2012[START_REF] Thirumavalavan | A Short Review on Applications of Nanomaterials in Biotechnology and Pharmacology[END_REF].

Nanomaterial characteristics: identifying key attributes

Several nanomedicines are being used in vivo and their hazard evaluation is an issue for their translation into the clinic. Although, characterizations are generally closely related with the intended use, as pharmaceutics or medical devices, the product needs to comply with stringent legislative frameworks (see for instance [START_REF] Lakkireddy | Building the design, translation and development principles of polymeric nanomedicines using the case of clinically advanced poly(lactide(glycolide))poly(ethylene glycol) nanotechnology as a model: An industrial viewpoint[END_REF]. Different aspects are taken into consideration including the characterization of their physicochemical attributes with specific requirements due to the small size of nano-abjects composing nanomedicines.

Characterizing nanomaterials entering the composition of nanomedicines remains challenging on different levels (Crist et al., 2013[START_REF] Clogston | Physicochemical characterization of polymer nanoparticles: challenges and present limitations[END_REF][START_REF] Siegrist | Preclinical hazard evaluation strategy for nanomedicines[END_REF]. At first, there is a tremendous number of ways by which nanomedicines can be used as a nanomedicine. For each application there is a need to elucidate how the nanomedicine is interacting with the biological environment to achieve an optimal control of their activity identifying corresponding key attributes of the nanomaterial. Then, our present knowledge for a safe evaluation and supervision of nanomedicines remains partial. Critical attributes which control the pharmacological activity in vivo are not fully elucidated even in the more general cases considering nanomedicines designed to be administered by the oral or intravenous routes [START_REF] Dobrovolskaia | Current understanding of interactions between nanoparticles and the immune system[END_REF], Lakkireddy et al., 2016). This hampers the definition of a set of relevant key attributes for the given type of applications. Besides, nanomedicines occurred in a wide range of compositions and structures including quite complex structures that improve the difficulty to establish general rules to perform their characterization [START_REF] Kamaly | Targeted polymeric therapeutic nanoparticles: design, development and clinical translation[END_REF].

Finally, methods are still cruelly missing to evaluate several of the key attributes of nanomedicines that would be worth to determine in routine (Brenner-Hoffmann et al., 2018).

In this context, a consensus was established identifying a minimum of physical attributes that need to be determined for a nanomedicine which includes the size and size distribution (Gloria et al., 2018). In addition to size characteristics, the morphology and surface charge of the nanomaterials are generally evaluated too as these attributes are also known to impact safety and clinical manifestations of many nanomedicines designed to be administered by the intravenous route [START_REF] Siegrist | Preclinical hazard evaluation strategy for nanomedicines[END_REF]. These are also attributes that influence the in vivo fate of nanomedicines delivered by a mucosal route including the oral route (Lakkireddy et al., 2016). Other characteristics may be required but their determination is generally demanding and may even be problematic as there is no existing easy method to perform the analysis. For instance, a precise characterization of the surface of nanomedicines intended to be used by the intravenous route would be justified because pharmacology and toxicity of the products is closely controlled by subtle characteristics of the nanoparticle surface including the density and conformation of the chains of hydrophilic macromolecules grafted on the surface of the nanoparticle core (Agrawal et al., 2009, Hamad et al., 2009, Coty et al., 2017, Coty and Vauthier, 2018). Consistently, parameters such as the surface coating coverage, the topology, and the deformability were included in the list of parameters that may be of interest to consider while developing nanomedicine in a document proposed by the Food and Drug Administration of the United States of the America (FDA) (See [START_REF] Cruz | CDER risk assessment exercise to evaluate potential risks from the use of nanomaterials in drug products[END_REF]. However, these parameters are rarely determined as suitable methods for their determinations are not available. The characterization of nanomedicine should also include an evaluation of the stability of the dispersion [START_REF] Siegrist | Preclinical hazard evaluation strategy for nanomedicines[END_REF], Gloria et al., 2018). The stability can be considered on the chemical view point but must also evaluate any possible changes occurring in the structure of the nanomaterial and at the level of the dispersion. As already mentioned, the chemical nature of the nanomedicines can be evaluated through general methods applied in analytical chemistry.

Evaluation of the stability of the dispersion can be performed measuring the size of the particles and evaluating the size distribution at different times upon storage. Changes in these characteristics would suggest that the colloidal stability of the dispersion was affected during storage. An increase in the size and size distribution would indicate an aggregation of the nanoparticles while a decrease in the size would suggest a degradation of the particles.

Deciphering the structure of a nanomaterial is demanding and requires very specific methods and the expertise of seasoned scientists. Demonstrating that the structure of the nanomaterial is not affected upon storage will be the most difficult task to achieve analyzing the stability of a nanomedicine. This aspect is eventually considered during early preclinical development stages of a nanomedicine. The following parts give an overview of the different methods applied for the analysis of several attributes of nanomaterials.

3 Analyzing nanomaterial physical attributes with automated and standardized methods "nanomaterial", "method", "characterization" in the search engine of the ISO web site and very few were directly devoted to the determination of nanomaterial physical attributes (Table 1). The methods are generally indirect meaning that the mesurand is not the measured parameter.

Standardization of methods for the analysis of nanomaterials

The mesurand is deduced from the measured parameter from the application of an appropriate model. Thus, values found for the evaluated attribute generally depends on the measurement method. For instance, most methods applied to determine the size of nanomaterial dispersed in an aqueous media provide with a hydrodynamic radius/diameter of the particles which corresponds to the diameter/radius of the particles with a layer of hydration (Figure 1A). were published in the literature a few years ago (Varenne et al., 2015a, b, 2016a, In Press). The International Council on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) was followed as much as possible to achieve these validations but some adaptations were needed to take into account that methods of characterization of nanomaterials did not require a calibration in contrast to the methods being the subject of this text. Robustness, precision and trueness of protocols were demonstrated using standard materials and following recommendations of the Guide to the expression of uncertainty in measurement [START_REF] Gum | Guide to the expression of uncertainty in measurement[END_REF]. Those included National Institute of Standard and Technology (NIST) standards of different sizes that were used to validate the proposed size measurement protocol and NIST standards of positive value and reference material of negative value that were used to validate the proposed protocol evaluating zeta potential. A procedure to transfer the validated protocols have also been reported [START_REF] Varenne | Towards quality assessed characterization of nanomaterial: Transfer of validated protocols for size measurement by dynamic light scattering and evaluation of zeta potential by electrophoretic light scattering[END_REF].

Analyzing the size of nanomaterials

Size of nanomaterials can be evaluated by different methods using automated instruments. The DLS is the most widely used method. First automated instruments appeared in the mid 1980s.

Instruments working on new methodologies were introduced during the last 10 years. They are based on TRPS, NTA, centrifugation and field flow fractionation (FFF). The DLS method is a batch method meaning that it analyzes the dispersion in its all. TRPS and NTA are performing measurements on each particle composing the sample. Methods based on centrifugation and FFF separate particles according to their size prior to measure their size.

Analyzing the size of a nanomaterial remains challenging even with a well-established DLS method. This was revealed for instance in inter-laboratory comparisons (Langevin et al., 2018a). It also appears comparing size measurements performed with different DLS instruments (Varenne et al., 2016b, Langevin et al., 2018 b). Applying known precautions to perform measurements, results of size measurements of a sample of nanomaterial composed of nano-objects of homogenous size with narrow size distribution are generally accurate and precise (Varenne et al., 2015a(Varenne et al., , 2016a)). In contrast, their application to the characterization of polydisperse nanomaterials is problematic. The intensity of the scattered light is dominated by the larger particles contained in the sample, the signal due to the smaller particles can be partially or totally hindered making difficult their detection. This is a well-known limitation of DLS methods. Improvements have been implemented in the youngest generation of instruments, but size measurements performed on a highly polydisperse dispersion remains problematic [Varenne et al., 2016]. More generally, results provided by DLS instruments may be different from those obtained from other measurement methods [START_REF] Filipe | Critical evaluation of Nanoparticle Tracking Analysis (NTA) by NanoSight for the measurement of nanoparticles and protein aggregates[END_REF], Varenne et al., 2016b[START_REF] Anderson | A comparative study of submicron particle sizing platforms: accuracy, precision and resolution analysis of polydisperse particle size distributions[END_REF]Langevin et al., 2018 b]. Prior selecting DLS as sole technique to measure the size of a given nanomaterial, it is recommended to perform measurements with at least two methods working on different principles including one method based on particle by particle analysis (TRPS, NTA) or including a separation method (analytic centrifugation, field flow fractionation) (Varenne et al., 2016, Gloria et al., 2017, Langevin et al., 2018 b). This shows that even the characterization of a very basic attribute such as the size of nanomaterials is complicated. It requires a thorough investigation based on the use of several techniques that are needed to perform an accurate evaluation of the polydispersity of the sample and obtain relevant information about the size of the nano-objects composing a sample.

Analyzing zeta potential of nanomaterials

The second attribute of nanomaterials for which standards have been established is the determination of the zeta potential (see table 1 for ISO standard reference). Very few reference materials are available yet. They were used for he validation of a measurement protocol by ELS-PALS (Varenne et al., 2015b). The zeta potential gives indications about the surface charge of nanomaterial. The charge at the surface of the nanomaterial is a difficult parameter to evaluate in contrast to the zeta potential that corresponds to the charges at the slipping plan between charges associated with the particles and charges from the bulk of the dispersion medium (Figure 1B). The value greatly depends on the nature of the dispersing medium and concentration in electrolytes. This information is needed while giving the result. The easiest methods evaluating the zeta potential of a nanomaterial are indirect based on the measurement of the electrophoretic mobility of the particles. Then, the zeta potential is calculated from this parameter using appropriate models. Affordable instruments are available to evaluate zeta potential of nanomaterials which is the only attribute characterizing the surface properties of nanomaterials that can be currently determined. The instruments are quite automatous, but their applications require precautions to achieve relevant measures. The value obtained is only valid within the framework of the experimental conditions used during determination.

4 Analyzing attributes of nanomaterials using other methods.

Lists of physical parameters recommended to be included to describe nanomaterials have been drawn in ISO/TR 13329:2012 (see table 1) and by different government agencies (FDA 2018[START_REF] Rauscher | Regulatory aspects of nanomaterials in the EU[END_REF], REACH legislation, 2006). In general, they all include the particle size, size distribution, aggregation and/or agglomeration state, a description of the particle shape.

Depending on applications and chemical natures, other attributes are requested such as the crystallinity, the dispersibility, the dustiness and attributes related to the surface of the nanomaterials including the specific surface area (See ISO/TR 13329:2012 in table 1).

Sometimes the porosity is included in the list of parameters to evaluate. The stability in terms of the maintenance of the colloidal stage is requested depending on the application envisaged.

For nanomedicines the colloidal and chemical stability are important attributes to consider and more surface characteristics are requested. On a systematic basis, the surface charge needs to be provided. Recent results from the evaluation of nanomedicines have suggested that a more precise characterization of the surface attribute is needed to insure the reproducible in vivo fate of nanomaterials. Indeed, it was shown that small changes in subtle characteristics can generate a significant modification of the interactions between the nanomaterial and biological systems (Coty and Vauthier, 2018, Coty et al., 2017[START_REF] Hamad | Distinct polymer architecture mediates switching of complement activation pathways at the nanosphere-serum interface: implications for stealth nanoparticle engineering[END_REF] hence can modify the biodistribution and in turn greatly influence the activity and safety of the nanomedicine. Thus, parameters including the surface coverage, the topology, the configuration of the chains and the deformability of the surface were recently pointed out as possible characteristics to take into consideration as key surface attributes to insure in vivo safety and activity of nanomedicines.

As discussed earlier, little standardized methods were developed so far and only general attributes can be analyzed with automated methods applicable in routine. No method and easy to use instrument allowing convenient batch or lot quality evaluation are available to determine other attributes. Three situations can be distinguished. In the first case, a method exists but its application is tedious and have not been the subject of a standardization yet. This situation is found for the determination of the particle shape. In the second situation, methods applied for the characterization of other materials are used to characterize nanomaterials although measurement conditions are not ideal. The approach is generally used to characterize the porosity and of the crystallinity of nanomaterials. In the last situation, no easy methods can be applied to access other nanomaterial attributes. The characterization of the intimate structure of nanomaterials can be achieved using methods applied in research. The characterization of the surface of nanomaterials remains unsatisfied. Recently, a few initiatives have been taken to develop appropriate methods as explained bellow.

Evaluating the shape of nanomaterials

The shape of nanomaterial can be evaluated by appropriate microscopy methods. This can be done by the direct analysis of images produced during observations of samples by transmission electron microscopy (TEM), SEM or AFM. An aspect ratio was defined to quantify the shape of the observed nano-objects. It is deduced from the ratio between the longest and shortest axis measured in 2 directions on the obtained 2D images of nano-objects and differed from 1 when particles have a non-spherical or non-disc shape. To differentiate discs from spheres, 3D images are needed using SEM or AFM. The high of particles can be measured by AFM which allows measurements in the 3 dimensions of the space. As for measuring the size and size distribution of a sample, it is required to determine the aspect ratio of a large number of particles to perform relevant measurements. To the knowledge of the author, there is no image analyzers which can perform such an analysis which remains to be done manually. The general ISO standard describing the particle size analysis by image analysis methods can be used and that of the measurements of the particle size and shape distribution by SEM (See ISO/DIS19749 and ISO13322-1:2004 in table 1).

4.2 Evaluating the porosity and crystallinity with general methods for the characterization of materials.

In the absence of specific methods, the porosity and crystallinity of nanomaterials are often evaluated using existing methods applied for the characterization of non-nanomaterials. These methods are analyzing dried powders. Thus, prior performing the analysis, nanomaterials need to be dried. The obtained dry powder contains grains formed by an agglomerate of the nanoobjects composing the nanomaterial. Conditions for the evaluation of the porosity and crystallinity of the nanomaterials are not ideal as bias can be produced due to the arrangement of the nano-objects in the grains of the powder (Figure 2A). Pores can be formed between particles and may be encountered during the measurement of the porosity of the nanomaterial and crystallin arrangement of particles in the powder can produce diffraction peaks investigating the crystallinity of the nanomaterials (Figure 2B). Samples of materials are very different between those included nanomaterials and those found analyzing materials occurring as monolith. Cautious interpretation of data produced by these methods is then needed while they are applied to the characterization of nanomaterials. 

Analysis of the intimate structure of nanomaterials

The analysis of the intimate structure of nanomaterials need tremendous means implemented in synchrotrons and neutron scattering facilities. X rays and neutron scattering methods are suitable to decipher the arrangement of components within the structures of nano-objects [START_REF] Vauthier | Configuration of bovine serum albumin adsorbed on polymer particles with grafted dextran corona[END_REF][START_REF] Lepeltier | Self-assembly of squalene-based nucleolipids: relating the chemical structure of the bioconjugates to the architecture of the nanoparticles[END_REF][START_REF] Luo | Quantitative 3D determination of self-assembled structures on nanoparticles using small angle neutron scattering[END_REF]. In the nanomedicine domain, having access of these information may be useful to understand mechanisms of drug releasing property of the nanomaterial composing the pharmaceutical product. High resolution cryotransmission electron microscopies (cryo-TEM) would also be suitable techniques, but it has not been so much applied on the characterization of nanomaterials so far [START_REF] Moradi | A quantitative cryoTEM study on crosslinked nanocapsule morphology in RAFT-based vesicle polymerization[END_REF][START_REF] Angelov | Identification of large channels in cationic PEGylated cubosome nanoparticles by synchrotron radiation SAXS and Cryo-TEM imaging[END_REF][START_REF] Helvig | Recent Advances in Cryo-TEM Imaging of Soft Lipid Nanoparticles[END_REF]. Cryo-TEM techniques are quite young methods and were initially developed for the analysis of biological materials including biomolecules and viruses using the high-resolution mode [START_REF] Zhou | Atomic resolution cryo-electron microscopy of macromolecular complexes[END_REF][START_REF] Cressey | Cryo-electron microscopy wins chemistry Nobel: Jacques Dubochet, Joachim Frank and Richard Henderson share the prize for developing a technique to image biomolecules[END_REF][START_REF] Shen | The 2017 Nobel Prize in Chemistry: cryo-EM comes of age[END_REF]. Currently, improvement of techniques continues and their application to the characterization of nanomaterial follows the evolution. Analysis of the intimate structure of nanomaterials remains an obstacle requiring rare instruments and the high expertise of season scientists.

Thorough analysis of nanomaterial surface attributes

Thorough analysis of nanomaterial surface remains challenging while surface properties beyond surface charge are often key parameters for the functionality of the particles [START_REF] Baer | Surface characterization of nanomaterials and nanoparticles: Important needs and challenging opportunities[END_REF]. For instance, in the case of nanomedicines, attributes describing their surface characteristics are other parameters which play a major role to achieve the desired activity and safety of use. They control the biodistribution, cell internalization and interactions with biological molecules such as proteins in biological fluids and glycoproteins of the mucus on mucosa. Nanomedicines are nanomaterials that are to be introduced in the body intentionally.

Establishing the link between surface attribute and biodistribution and activity is important to insure the quality and safety of the pharmaceutical product. With other manufactured nanomaterials which may be introduced in the body accidently, knowing such link would be worth to anticipate possible hazard. Currently the only "easy" way assessing surface property of nanomaterial consists in evaluating the zeta potential (see section 3.3 in this chapter). The atomic composition of the surface can be analyzed by X-ray photo-electron spectroscopy (XPS). This method requires a specific instrumentation and a high level of expertise for the interpretation of the data while commonly applied in material science. The lateral resolution of the method is of the order of the micrometer and the depth of analysis is of a few nanometers (1 to 3) on metal surfaces but considering polymers, the depth of analysis can reach 6 to 7 nm [Kovac, 2011, Chan and[START_REF] Chan | Surface Characterization of Polymer Blends by XPS and ToF-SIMS[END_REF]. Spectra obtained from the analysis of the surface of materials composed of polymers may include signals from chemicals composing the underlying surface. The method was applied to analyze surface composition of polymer nanoparticles composing nanomedicines [START_REF] Labarre | Interactions of blood proteins with poly(isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF][START_REF] Layre | Novel composite core-shell nanoparticles as busulfan carriers[END_REF][START_REF] Baer | Surface characterization of nanomaterials and nanoparticles: Important needs and challenging opportunities[END_REF]. More specifically, it was used to demonstrate the presence of poly(ethylene glycol) or its absence on nanoparticle surfaces (See for instance [START_REF] Peracchia | Pegylated nanoparticles from a novel methoxypolyethylene glycol cyanoacrylate-hexadecyl cyanoacrylate amphiphilic copolymer[END_REF]. This polymer was added on the surface of nanomedicines to reduce interactions with blood proteins that extend the time of residence of the nanoparticles in the blood stream allowing to modulate the in vivo fate of the nanoparticles administered by the intravenous route [Lakkireddy andBazile, 2016, Suk et aL, 2016). Besides surface composition, the activity of a nanomedicine also depends on the fine tune of the density, distribution and conformation of the hydrophilic polymers added on the nanoparticle surface to control their interactions with biological systems hence the activity.

Additionally, these characteristics influence the safety as they control the reactivity of undesired biochemical reactions as well as the organs in which nanomedicines accumulate in vivo.

Evaluating of such subtle surface attributes of nanomedicines requires methods performing analysis at the molecular level. Such methods are currently missing. Existing methods analyze biological activities produced by the response of a biological system confronted to nanomaterials. For instance, they evaluate the response of the complement system which is a biochemical cascade of the innate immune system found in the plasma (NIH-NCL Assay Cascade, [START_REF] Dobrovolskaia | Current understanding of interactions between nanoparticles and the immune system[END_REF]. Others are based on the evaluation of the cytotoxicity of nanomaterials on define cell lines. Without possibility to characterize better surface attributes of nanomaterials, no correlation can be drawn between nanoparticle characteristics and the induced desired or unwanted biological responses. No progress in the understanding of this relation would be possible hampering rational design of nanomedicines and anticipation of eventual hazards from their physical attributes. Very recently, approaches were suggested based on the evaluation of the accessibility of the nanoparticle surface to proteins. In these approaches' proteins are used as molecular probes allowing to explore the particle surface at a molecular scale. The nature of the molecular probes is consistent with components of biological fluids which interact with nanomaterials entering the body. In one of the proposed methods, fluorescent proteins were used to assess the amount of the nanomaterial surface accessible for protein adsorption [START_REF] Nasir | High Throughput Screening Method to Explore Protein Interactions with Nanoparticles[END_REF]. Another method using native proteins of different molecular weight could separate a series of nanoparticles in two groups consistently with steric hindrance properties of the surface coverage expected for the different nanoparticles included in the study. The observed responses resulted from the combined effect of the density of coverage and conformation of polysaccharide chains grafted on the nanoparticle surface (Coty et al., 2018). Both methods were conceived to be implemented for a routine application in quality control. More works is now requested to test the sensitivity of these methods considering more nanomaterials and to investigate whether the obtained data are relevant enough to insure the quality of nanomedicines based on the measured parameter. A difficulty to perform such evaluation is the absence of standard and/or reference materials. Besides, there is still no method to evaluate the topology and the deformability of nanoparticle surfaces while these attributes have been identified as other critical attributes for the activity and safety of nanomedicines.

Conclusion

Analyzing nanomaterials remains a challenge due to the small size of nano-objects that composed such materials. The characterization and analysis of physical attributes of nanomaterials requires specific methods. At present, only very few general attributes can be analyzed by standardized methods. Affordable automated instruments can be used to evaluate the size, polydispersity and surface charge choosing suitable method depending on the sample characteristics such as its polydispersity and chemical composition. A tremendous need of accessible measurement methods analyzing attributes that define activity and safety of nanomaterials was pointed out. Issues are several including the lack of methods applicable in quality control, the lack of standard and reference materials to qualify measurement protocols and instruments, the lack of standardized methods and the lack of methods. Works are on the way to fill the gaps and resolve the analytical needs of products composed of nanomaterials to insure their quality and safety.

  Nanomaterials can be described by different physical attributes. The size is the more obvious parameter. It is generally systematically included within the set of characterization performed in quality control. The size distribution as well as the morphology are other parameters that are evaluated during development stages of products and that can be included in quality control as a mean to check the reproducibility of the manufacturing process. Depending on the application, nanomaterials are designed to achieve a well define function which depends on specific attributes. Those for which variations beyond certain limits can compromise the functionality of the nanomaterial are identified as key attributes and carefully considered in procedures dedicated to insure the quality and safety of the product. Key attributes are defined on a case by case basis for each nanomaterial consistently with the intended use.

  Standardization in the domain of nanomaterial is a young area. The result of a search with the term "nanomaterial" on the web site of the International Standardization Organization (ISO web site) has mentioned 40 documents defining terms and definitions and 82 standards including technical reports and specifications (ISO web site, 21/01/2019). Most standards are very recent. The number of the standards drop down to 61 while using the words:

  General ISO 5725-1:1994: Accuracy (trueness and precision) of measurement methods and results-Part 1: General principles and definitions ISO 5725-3:1994: Accuracy (trueness and precision) of measurements methods and results-Part 3: Intermediate measures of the precision of a standard measurement method. ISO Guide 35:2006: Reference materials -General and statistical principles for certification. ISO/TS 12805:2011(en) Nanotechnologies -Materials specifications -Guidance on specifying nano-objects ISO/TR 13014:2012(en) Nanotechnologies -Guidance on physico-chemical characterization of engineered nanoscale materials for toxicologic assessment ISO/TR 13329:2012 Nanomaterials --Preparation of material safety data sheet (MSDS) ISO/TS 20477:2017 Nanotechnologies --Standard terms and their definition for cellulose nanomaterial Size ISO 13322-1:2004 Particle size analysis -Image analysis methods -Part 1: Static image analysis, methods ISO/DIS 19749(en) Nanotechnologies -Measurements of particle size and shape distributions by scanning electron microscopy ISO 22412:2017(en) Particle size analysis -Dynamic light scattering (DLS) ISO 19430:2016(en) Particle size analysis -Particle tracking analysis (PTA) method ISO/TS 21362:2018(en) Nanotechnologies -Analysis of nano-objects using asymmetrical-flow and centrifugal field-flow fractionation Morphology/ Shape/ Structure ISO/TS 10797:2012(en) Nanotechnologies -Characterization of single-wall carbon nanotubes using transmission electron microscopy ISO/TS 10798:2011(en) Nanotechnologies -Charaterization of single-wall carbon nanotubes using scanning electron microscopy and energy dispersive X-ray spectrometry analysis Surface ISO 13099-1:2012(E): Colloidal systems-Methods for zeta-potential determination-Part 1: Electroacoustic and electrokinetic phenomena. ISO 13099-2:2012(E): Colloidal systems-Methods for zeta-potential determination-Part 2: Optical methods. ISO 13099-3:2012(E): Colloidal systems-Methods for zeta-potential determination-Part 3: Acoustic methods. ISO/TS 14101:2012(en) Surface characterization of gold nanoparticles for nanomaterial specific toxicity screening: FT-IR method ISO/TR 19997:2018(en) Guidelines for good practices in zeta-potential measurement Table 1: ISO standards for the characterization of nanomaterials. TR technical report. TS Technical specification Analyzing physical attributes of nanomaterials is pending to the existence of methods that have reached an enough degree of maturity making possible the development of a standardization. As for any kind of analysis, standards are needed to provide reliable measurements being trusted and accepted internationally. Then, applications of measurement methods are pending to the availability of affordable instruments. The nanometrology is a subfield of metrology that emerged to cover the science of measurements dedicated at the nanoscale. It was introduced to answer urgent needs for performing measurement at this size scale concomitantly with the expansion of industrial applications and processes involving nanomaterials that required evaluation methods to bring these nanotechnology-based products safely into the market place. Issues are remaining to develop standardized methods and standard operating protocols needed to produce reliable measurements with internationally recognized methods. Efforts in standardization are also needed to develop suitable reference materials, methods and corresponding instruments. Currently, very few standards have been established to achieve the characterization of nanomaterials (Mansfield et al., 2017, See table 1 for reference of ISO sandards). They were developed to achieve measurements of the size by scanning electron microscopy (SEM), dynamic light scattering (DLS), tunable resistive pule sensing (TRPS) particle tracking analysis (PTA), asymmetrical-flow centrifugal field-flow fractionation (AsFFFF); size distribution by SEM and zeta potential by acoustic and optical methods. These attributes can be determined with automated instruments. The morphology is another parameter for which a standard has been established using SEM but no automated procedures has been yet developed and analysis of images remains mostly manual and greatly depends on the quality of the images produced from the techniques. A general ISO standard explains methods for the analysis of images analyzing the size of particles (See table 1). The Nanomedicine Characterization Laboratory created by the National Institute of Health (NIH-NCL) in Frederik, MD, USA in the early 2000's was settled to support clinical development of nanomedicines with the mission to provide with resources and characterization services (NIH-NCL). It is a major player in the development of assay cascades and standard operating conditions for the characterization of physical attributes of nanomaterials composing nanomedicines. The NIH-NCL have published several measurement protocols that are available on its web site (NIH-NCL assay cascade). A similar service is provided by the European-Nanomedicine Characterization Laboratory (EU-NCL) built in partnership with the NIH-NCL in the 2010s' (EU-NCL, EU-NCL assay cascade). Different methods with corresponding automated measurement instruments can be used to determine the size and zeta potential of nanomaterials.

Figure 1 .

 1 Figure 1. Attributes vs mesurands. (A) Size, (B) Surface charge.

Figure 2 :

 2 Figure 2: Possible bias evaluating nanoparticle attributes with methods not specifically developed for nanomaterials. (A) Determination of the porosity: Spaces between nanoparticles marked in yellow may represent a significative contribution to the porosity due to the small size of the nanomaterials contained in the dry powder of nanoparticles that is prepared to perform the analysis. (B) SEM picture of polymer nanoparticles showing a crystallin order in the arrangement of the nanoparticles. This type of crystallin arrangement of the nanoparticles within the dry sample prepared for X-Ray diffraction analysis can produce diffraction signals on X-ray diffractograms.
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