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Meanwhile since more than three decades smart micro-and nanogels are studied and the number of publications in this area of research is steadily growing. This year to date (May 2021) already more than 400 articles were published on this topic. In the study of such colloidal gels the most important techniques besides microscopy are scattering techniques.

In the present chapter an introduction to these non-destructive techniques and their application to smart micro-and nanogels will be given, and besides some fundamental works on this topic the most recent studies in this context will be discussed. We put a focus on multi-compartment and multi-1 stimuli responsive microgels and review time-resolved small-angle scattering experiments. In addition one section is devoted to the study of crowded microgel systems.

Introduction

So-called smart microgels were first synthesized by Pelton and Chibante in 1986 [START_REF] Pelton | Preparation of aqueous latices with N -isopropylacrylamide[END_REF]. Microgels are colloidal particles exhibiting an internal gel structure.

They have diameters in the range from 100 nm up to micrometers [START_REF] Saunders | Microgel particles as model colloids: theory, properties and applications[END_REF][START_REF] Pelton | Temperature-sensitive aqueous microgels[END_REF][START_REF] Gilányi | Characterisation of monodisperse poly(Nisopropylacrylamide) microgel particles[END_REF][START_REF] Nayak | Soft nanotechnology with soft nanoparticles[END_REF][START_REF] Ballauff | Smart" nanoparticles: Preparation, characterization and applications[END_REF][START_REF] Pich | Microgels by precipitation polymerization: Synthesis, characterization, and functionalization[END_REF][START_REF] Felix | Functional microgels and microgel systems[END_REF][START_REF] Karg | Nanogels and microgels: From model colloids to applications, recent developments, and future trends[END_REF]. Below the 100 nm threshold they are called nanogels [START_REF] Karg | Nanogels and microgels: From model colloids to applications, recent developments, and future trends[END_REF].

Their most striking feature is the temperature-induced reversible collapse of the polymer network which is similar to macroscopic gels [START_REF] Flory | Effect of deformation on the swelling capacity of rubber[END_REF][START_REF] Tanaka | Kinetics of swelling of gels[END_REF][START_REF] Mallam | Scattering and swelling properties of inhomogeneous polyacrylamide gels[END_REF][START_REF] Shibayama | Small angle neutron scattering study on poly(N-isopropyl acrylamide) gels near their volume-phase transition temperature[END_REF]. Besides a temperature-induced response, also particles with sensitivity to changes in pH, ionic strength, and other external fields can be made [START_REF] Snowden | Colloidal copolymer microgels of N-isopropylacrylamide and acrylic acid: pH, ionic strength and temperature effects[END_REF][START_REF] Saunders | Poly[(methyl methacrylate)-co-(methacrylic acid)] microgel particles: swelling control using pH, cononsolvency, and osmotic deswelling[END_REF][START_REF] Kim | The volume transition in thermosensitive core-shell latex particles containing charged groups[END_REF][START_REF] Fernández-Nieves | Charge controlled swelling of microgel particles[END_REF][START_REF] Kratz | Influence of charge density on the swelling of colloidal poly(N -isopropylacrylamideco-acrylic acid) microgels[END_REF][START_REF] Hoare | Highly pH and temperature responsive microgels functionalized with vinylacetic acid[END_REF] However, the internal structure of microgels seems to differ from macroscopic gels, which is due to differences in reaction kinetics of the cross-linker (in many cases N,N' -methylen-bis-acrylamide, BIS) and the monomer (very often N -isopropyl acrylamide, NIPAM). Microgels are of steadily growing interest which is related to the plethora of potential applications ranging from drug and vaccine delivery [START_REF] Michael | An-73 drew Lyon. Doxorubicin uptake and release from microgel thin films[END_REF][START_REF] Schmaljohann | Thermo-and pH-responsive polymers in drug delivery[END_REF][START_REF] Das | Microgels loaded with gold nanorods: photothermally triggered volume transitions under physiological conditions[END_REF][START_REF] William | Peptide-functionalized nanogels for targeted sirna delivery[END_REF][START_REF] Turcu | Magnetic microgels for drug targeting applications: Physical-chemical properties and cytotoxicity evaluation[END_REF][START_REF] Dmitry | Loading of doxorubicin into surface-attached stimuli-responsive microgels and its subsequent release under different conditions[END_REF], over smart catalytic systems [START_REF] Mei | Catalytic activity of palladium nanoparticles encapsulated in spherical polyelectrolyte brushes and core-shell microgels[END_REF][START_REF] Welsch | Microgels as nanoreactors: Applications in catalysis[END_REF][START_REF] Besold | Kinetics of the reduction of 4-nitrophenol by silver nanoparticles immobilized in thermoresponsive core-shell nanoreactors[END_REF] and photonic applications [START_REF] Debord | Thermoresponsive photonic crystals[END_REF][START_REF] Shu | Silver nanoparticle-loaded microgel-based etalons for h2o2sensing[END_REF][START_REF] Wei | Temperature-light dual-responsive Au@PNIPAm core-shell microgel-based optical devices[END_REF] to smart surfaces for vertebrate cell manipulation [START_REF] Uhlig | Thermoresponsive microgel coatings as versatile functional compounds for novel cell manipulation tools[END_REF] and responsive membranes [START_REF] Bell | Hydrogel membranes made from crosslinked microgel multilayers with tunable density[END_REF][START_REF] Bookhold | Smart membranes by electron beam cross-linking of copolymer microgels[END_REF]. For these purposes different copolymer systems [START_REF] Annegarn | Importance of pH in synthesis of pH-responsive cationic nano-and microgels[END_REF][START_REF] Balaceanu | Copolymer microgels by precipitation polymerisation of n-vinylcaprolactam and n-isopropylacrylamides in aqueous medium[END_REF][START_REF] Lane | Double network hydrogels prepared from pH-responsive doubly crosslinked microgels[END_REF][START_REF] Hertle | Responsive p(NIPAM-co-NtBAM) microgels: Flory-Rehner description of the swelling behaviour[END_REF] and structures exhibiting separated compartments were designed [START_REF] Kniger | Thermophoresis of thermoresponsive polystyrene-poly(n-isopropylacrylamide) core-shell particles[END_REF][START_REF] Clarke | Core/shell microgels decouple the pH and temperature responsivities of microgel films[END_REF][START_REF] Kureha | High reusability of catalytically active gold nanoparticles immobilized in core-shell hydrogel microspheres[END_REF][START_REF] Scotti | Hollow microgels squeezed in overcrowded environments[END_REF][START_REF] Nickel | Anisotropic hollow microgels that can adapt their size, shape, and softness[END_REF][START_REF] Molla | Design and synthesis of core-shell microgels with one-step clickable crosslinked cores and ultralow crosslinked shells[END_REF]. Moreover, several of these systems are interesting model colloids allowing to study particles with tunable interaction potential [START_REF] Scotti | Deswelling of microgels in crowded suspensions depends on cross-link density and architecture[END_REF][START_REF] Scotti | Phase behavior of ultrasoft spheres show stable bcc lattices[END_REF].

It is even possible to generate extremely soft self-crosslinked particles which are at the edge between star polymers and well-defined colloidal particles [START_REF] Scotti | Deswelling of microgels in crowded suspensions depends on cross-link density and architecture[END_REF].

The overall size and shape of microgels is mainly studied by static and dynamic light scattering (namely photon correlation spectroscopy (PCS)). Especially PCS is very often used to follow the temperature or pH dependent swelling and de-swelling of smart microgels. Such experiments are complemented by electron microscopy techniques and atomic force microscopy (AFM). However, these methods only hardly reveal internal structures and dynamics of microgels. Such structures are in the range from some Ångströms to some nanometers. This length-scale domain is successfully studied by small-angle scattering techniques like small-angle x-ray scattering (SAXS) and small-angle neutron scattering (SANS) [START_REF] Seelenmeyer | Analysis of the volume transition in thermosensitive core-shell particles by synchrotron small-angle x-ray scattering[END_REF][START_REF] Seelenmeyer | Small-angle x-ray and neutron scattering studies of the volume phase transition in thermosensitive core-shell colloids[END_REF][START_REF] Saunders | On the structure of poly(n-isopropylacrylamide) microgel particles[END_REF], neutron and x-ray reflectometry [START_REF] Widmann | Hydration and solvent exchange induced swelling and deswelling of homogeneous poly(N -isopropylacrylamide) microgel thin films[END_REF] and neutron spinecho spectroscopy [START_REF] Hellweg | Internal dynamics in colloidal PNIPAM microgel particles immobilised in mesoscopic crystals[END_REF][START_REF] Scherzinger | Polymer dynamics in responsive microgels: influence of cononsolvency and microgel architecture[END_REF]. Recently, also x-ray PCS has been employed to follow microgel dynamics [START_REF] Frenzel | The phase diagram of colloidal silica-PNIPAm core-shell nanogels[END_REF].

In the last 5-6 years, a lot of progress was made in the use of the abovementioned methods. Hence, it is thus time to review some of these advances.

Besides giving a comprehensive update of recent work done in this area, the present chapter also tries to provide an introduction to the basics of scattering experiments on responsive microgels. Besides PCS no inelastic experiments will be discussed. The contribution is structured as follows: in section 1.2, scattering is introduced, covering both static and dynamic light scattering, as well as small-angle scattering. In the next section 1.3, recent progress in multicompartment and multi-stimuli responsive microgels is reviewed. Sections 1.4 and 1.5 then deal with time-resolved experiments on microgels, and a short overview of crowded microgel systems.

Scattering techniques applied to microgels

Scattering of radiation is a prominent method for investigating the micro-and nano-scopic state of matter on the scale of the wavelength of the radiation in question, and such methods have been actively used for more than a century.

Since World War II, the advent of powerful sources has triggered an enormous increase in such applications. Light, X-rays and neutrons are the most common probes, and each is adapted for a different context. One generally differentiates static from dynamic scattering techniques, and both will be discussed in this chapter. Static scattering like SANS or SAXS, as well as static light scattering can be treated in a common theoretical formalism. Many excellent textbooks [START_REF] Berne | Dynamic Light Scattering: With Applications to Chemistry[END_REF][START_REF] Lindner | Neutrons, X-rays and light : scattering methods applied to soft condensed matter[END_REF] exist on such techniques, and the most relevant aspects for microgel studies will be described. In addition a sub-section about photon correlation spectroscopy (often just called dynamic light scattering, or DLS) has been included.

Static and dynamic light scattering applied to microgels

Light scattering techniques are workhorse methods in the investigation of colloidal systems like e.g. responsive nano-and microgels. In nearly all studies of smart microgels their hydrodynamic dimension and their swelling behavior are followed by photon correlation spectroscopy. However, different flavors of static light scattering are also used to gain information about size, molecular weight M w , and shape of microgels. In this sub-section we will give a brief introduction to light scattering experiments and will summarize some recent works using these techniques.

Static light scattering(SLS)

In SLS the intensity of the light scattered from a microgel sample is measured as a function of scattering angle θ. θ can be converted to the magnitude of the scattering vector q by q = 4πn 0 λ sin θ 2 (1.1)

Here, λ is the used wavelength and n 0 is the refractive index of the solvent.

For neutron and x-ray scattering the same expression can be used assuming n 0 ≈ 1. q has the unit of a reciprocal length and as a rule of thumb 1/q is approximately the length scale resolution of the scattering experiment. q can be used to bring different scattering experiments to a common abscissa scale.

The most straightforward way to analyze SLS data is by means of using the Guinier approximation for the form factor of the scattering particles [START_REF] Yu | Microphase separation of stimuliresponsive interpenetrating network microgels investigated by scattering methods[END_REF] which leads to the well known Zimm equation:

Kc R θ = 1 M w exp -1 3 R 2 g q 2 + 2A 2 c . (1.2)
Here, R θ is the Rayleigh ratio and R g is the radius of gyration. K in eq. 1.2 is given by

K = 4π 2 dn dc 2 n 2 0 N A λ 4 . ( 1 

.3)

N A is Avogadro's number, c is the mass concentration of the scattering particles, dn dc is the refractive index increment and A 2 is the second virial coefficient.

pressing typical sizes of complicated objects, and it can be calculated for any known geometry of finite size. For instance, the R g of a homogeneous sphere of radius R is 3/5 of R. Moreover, A 2 may be determined from such SLS measurements. This quantity is a measure for the interaction between the particles. Moreover, also the molecular weight of the nano-and microgels can be obtained from SLS using the Zimm equation [START_REF] Franco | Volume fraction determination of microgel composed of interpenetrating polymer networks of PNIPAM and polyacrylic acid[END_REF][START_REF] Micali | Interpenetrating polymer network microgels in water: Effect of composition on the structural properties and electrosteric interactions[END_REF].

Besides the simple Guiner analysis in some cases also significant parts of the nano-and microgel form factors, P (q), fall into the q range of SLS and can be analyzed by fitting the data with respective form factor models. This is nicely demonstrated in a work by Schneider et al. [START_REF] Schneider | On tuning microgel character and softness of cross-linked polystyrene particles[END_REF]. 

P (q) = 3 sin (qR SLS ) -qR SLS cos (qR SLS ) (qR SLS ) 3 2 (1.4)
and

P (q) = 3 sin (qR SLS ) -qR SLS cos (qR SLS ) (qR SLS ) 3 × exp (qσ surf ) 2 2 2 (1.5)
where eq. 1.4 describes the form factor for a homogeneous monodisperse sphere, and Eq. 1.5 the fuzzy sphere from Stieger et al. σ surf represents the decay length of the fuzzy, hairy corona of the microgels. Note that we discuss in the Appendix the prefactor of the fuzzy sphere form factor, the deviation of which from one is important for mass determination using absolute units. In both cases polydispersity can be taken into account by convolution of the relevant P (q) with a Gaussian distribution of the radius R SLS [START_REF] Schneider | On tuning microgel character and softness of cross-linked polystyrene particles[END_REF]. Looking at fig. 1.1, it is obvious that the fuzzy sphere model leads to a better description of the SLS data. Moreover, SLS can also be used to determine the long range order and interaction between the colloidal gels. This is quantified in terms of the so-called structure factor S(q) [START_REF] Schneider | On tuning microgel character and softness of cross-linked polystyrene particles[END_REF]. However, S(q) will be discussed in more detail in the sub-sections dealing with small-angle scattering.

As already mentioned, using q as abscissa normalized absolute SLS intensities can be joined with absolute small-angle data. This was nicely shown in a recent work by Kozhunova and co-workers [START_REF] Yu | Microphase separation of stimuliresponsive interpenetrating network microgels investigated by scattering methods[END_REF] on stimuli responsive inter-penetrating network microgels. In fig. 1.2 an example for such a joined data set is shown. In this figure the series of points at low q was determined by means of SLS.

The red curve represents a model which consists of the hard sphere form factor in eq.1.4 which is supplemented by an Ornstein-Zernike type contribution given by

I OZ = I 0 1 + q 2 ξ 2 . (1.6)
In this equation ξ is the local correlation length of the internal network of the microgel. In the example in Fig. 1.2, despite of being in the collapsed state, the studied system still has some "porosity", and ξ is found to be ≈ 2 nm.

Dynamic light scattering (DLS/PCS)

In a dynamic light scattering experiment the time-dependent fluctuations of the scattering intensity I(q) are analyzed using the formalism of intensity correlation functions generated by hard wire correlators [START_REF] Berne | Dynamic Light Scattering: With Applications to Chemistry[END_REF][START_REF] Schärtl | Light Scattering from Polymer Solutions and Nanoparticle Dispersions[END_REF]. This is why this method should be called photon correlation spectroscopy to distinguish from the experimental precision all fits go through the origin. Reproduced from ref. [START_REF] Hannappel | Smart microgels from unconventional acrylamides[END_REF] under the license CC BY-NC 4.0. propyl-N -methylacrylamide (NnPNMeAM). Usually the polydispersity of microgels is rather low and the decay of the correlation functions nearly follows a single exponential. However, in case of higher polydispersities g 1 (τ ) has to be described by a weighted sum of exponentials

g 1 (τ ) = ∞ o G(Γ) exp (-Γτ ) dτ . (1.8)
The relaxation rate distribution function G(Γ) can be obtained by numerical Laplace inversion of g 1 (τ ) [START_REF] Provencher | CONTIN: A general purpose constrained regularization program for inverting noisy linear algebraic and integral equations[END_REF][START_REF] Scotti | The CONTIN algorithm and its application to determine the size distribution of microgel suspensions[END_REF] or by using the method of cumulants [START_REF] Koppel | Analysis of macromolecular polydispersity in intensity correlation spectroscopy: The method of cumulants[END_REF][START_REF] Frisken | Revisiting the method of cumulants for the analysis of dynamic light-scattering data[END_REF].

In both cases a mean value for Γ is obtained.

The slope of the straight lines in fig. 1.3 is the translational diffusion coefficient of each microgel. Knowing D the hydrodynamic radius R h is computed via the Stokes-Einstein equation:

D = kT 6πηR h (1.9)
As stated before, in most studies of microgels R h is measured at different temperatures crossing the volume phase transition temperature (VPTT) of the particles. A recent example for the outcome can be found in a work by

Freeman and co-workers [START_REF] Freeman | Effect of synthesis temperature on size, structure, and volume phase transition of polysaccharide microgels[END_REF]. At several large scale facilities PCS can be used to follow microgel samples in-situ during small-angle neutron scattering experiments [START_REF] Nigro | Apparatus for simultaneous dynamic light scattering-small angle neutron scattering investigations of dynamics and structure in soft matter[END_REF][START_REF] Schmid | Flexible sample environments for the investigation of soft matter at the european spallation source: Part I -the in situ SANS/DLS setup[END_REF]. Small-angle scattering experiments will be discussed in the following subsection.

Small-angle neutron and x-ray scattering applied to microgels

In this subsection we will focus on the specific application of SANS (and SAXS)

to unravel the structure of microgels suspended in solvents. The fundamental scattering process of neutrons (or X-rays photons interacting with electrons, a valid analogy throughout this text) is the creation of a spherical secondary wave by the presence of a nucleus hit by an incoming wave. The latter is created in the heart of a nuclear research reactor, or in a spallation source, and transported and directed conveniently towards the sample by experimental installations like guides, collimations and wavelength selectors, which we will take for granted in this introduction. In the end, a planar wave of wavelength λ hits the sample, and is mostly transmitted without change in direction, sadly ending its short life on a beam-stop. Some of the neutrons, however, are scattered laterally under the form of the above-mentioned secondary waves, they thus leave the direct beam, and can be collected on a detector. These neutron waves coming from different nuclei in the sample interfere, and the detector thus shows an intensity pattern resulting from such interferences. The latter depending on the phase of each neutron, and thus on the distance the neutron has travelled, the intensity pattern encodes the distance distribution between nuclei in the sample.

The fundamental problem of the scientist analyzing such data is thus to work his/her way back from the intensity pattern to the distance distributions, and thus to the microstructure of the samples. This is much more difficult than looking at an electron micrograph, but it contains valuable information. In par- difference in scattering length density between the object and the solvent (or matrix):∆ρ = ρ -ρ solv . In Figure 1.5, we have also shown in the bottom inset the contrast variation for a D-polymer, and in the sketch an artist view of the visibility of a particle made of H-and D-polymer, in various solvent mixtures.

Towards the right, the H-shell is matched by the mostly H-solvent, and towards the left, the inverse is true. Contrast variation thus serves to highlight specific parts of the particle if isotopic substitution can be performed chemically.

If we now measure the entire scattered intensity collected by the detector (or sets of detectors to cover wider angles), we obtain a function of the magnitude of the scattering wave vector q. Examples of intensity are shown in Figure 1.6.

Technically, I(q) is a scattering cross section of the sample per unit volume, which is why its units are cm -1 . Once this measurement is done correctly -this implies a little extra work, like exactly knowing the contrasts, concentrations, measuring transmissions and incoherent backgrounds, etc. -the happy scientist can start thinking about the micro-structure of this sample.

In Figure 1.6, three intensities have been superimposed, corresponding to the same pNNPAM microgel at different temperatures -shifted vertically for clarity. At the highest T , the particles are collapsed and do not interact: form factor scattering is observed, corresponding to the Guinier plateau followed by oscillations caused by interferences due to the well-defined particle geometry.

As the particles swell with lower T , oscillations weaken, and steric interactions set in, leading to the structure factor effect at low q. Such interactions can be studied and described. They are interesting, e.g., if one wished to study squeezing of microgel particles [START_REF] Scotti | Deswelling of microgels in crowded suspensions depends on cross-link density and architecture[END_REF].

Due to lack of space, we cannot focus on structure factors here, and only introduce some basic notions. The fundamental concept is the one of spatial correlations, which are the result of interparticle interactions. For hard spheres, e.g., the evolution of the low-q limit of S(q) is well described by the Carnahan-

Starling equation [START_REF] Hansen | Theory of Simple Liquids[END_REF], and the entire function has been determined from integral equation theory, using the Percus-Yevick closure [START_REF] Botet | Percus-Yevick structure factors made simple[END_REF]. On the other hand, highly repulsive long-range interactions, like electrostatic ones, lead to ordering of the suspension. Suitable solutions of the integral equations exist in the literature, like ref. [START_REF] Hansen | A rescaled MSA structure factor for dilute charged colloidal dispersions[END_REF]. The corresponding particle-particle correlation function then adopts a characteristic shape, usually peaks, which translate into peaks in the scattered intensity. Here a simple rule can often be used: 2π q 0 , where q 0 is the 1st order peak position which gives the size of a cubic box containing one particle. Using volume conservation, it is thus possible to estimate the dry volume of the particle from a structure factor measurement. Repulsion also leads to a depression of the low-q intensity. Other interactions, like attraction inducing aggregation, typically lead to low-q increases, which can be interpreted as mass increases. It is thus possible to follow interactions by focusing on the low-q scattering, e.g. in terms of the second virial coefficient at high dilution. Alternatively, one may focus on the shape of the entire function, if models are available for comparison, like, e.g., for fractals [START_REF] Teixeira | Small-angle scattering by fractal systems[END_REF]. Coming back to pure form factors, the usual method of measuring microgel particles only (i.e. without being perturbed by their interaction) is to lower the concentration and check that two successive measurements give the same I(q)/φ. We have insisted on the unit of the intensity because knowing I(q), one says in absolute units allows one to exploit the low-q limit I 0 = I(q → 0). The scattered intensity then reads at low angles:

I(q) = I 0 exp - q 2 Rg 2 3 .
(1.10)

I 0 = φ∆ρ 2 V dry (1.11)
Eq. 1.10 is called the Guinier approximation, and it is valid (see Fig. 1.6) at low angles in absence of interaction. It also corresponds to the low-q version of eq.( 1.4), or equivalently to eq.( 1.2) with A 2 = 0. The Guinier law gives the radius of gyration R g , which describes the average spatial extent of the objects and has been introduced in section 1.2. In eq. 1.11, we have given the low-q limiting value, it is proportional to the volume fraction of objects, to their dry volume V dry , and to the square of their contrast. This square is the reason for plotting the square root of the intensity in Figure 1.5.

The dry volume deserves some further comment. We have chosen to identify the object by its chemistry. Imagine a thin hollow shell made of dry polymer, with solvent in the core. The total object contains water and polymer, but V dry only refers to the polymer part, φ only to the polymer volume fraction, and ∆ρ to the dry polymer contrast in water. The amount of polymer matter in the object can thus be compared to their spatial extent given by R g . For a thin shell, R g is given by the shell radius. Comparing V dry to R g thus gives a hint on how much matter is distributed where in space, and one can start imagining geometric models consistent with these two (independent!) measurements. The simplest one could be a hydrated sphere: R g can be converted into a sphere radius R, of (wet) volume 4π 3 R 3 , and the latter compared to V dry , the ratio giving the hydration. Below, we will discuss an in principle similar approach to internal microgel concentration profiles, where the two ingredients, local concentration at a given distance from the center, are resolved. As a last point, let us mention that particles are usually polydisperse, and polydisperse expression involving moments of the size distributions are readily available for eq. 1.11, see for instance ref. [START_REF] Oberdisse | Structure of latex-silica nanocomposite films: a small-angle neutron scattering study[END_REF].

Up to here, we have concentrated on the low-q scattering, which according to the q -1 -argument encodes the average large-scale structure of the microgel particles, i.e. global spatial extent and total (dry) mass. Of course, much more information is available: the form factor scattering in Figure 1.6 can be analyzed as a function of q. Going to higher q is equivalent to increasing the magnifying power of a microscope. In the intermediate q-domain, spherical particles usually display oscillations related to their size, and the damping of these oscillations indicates how homogeneous, monodisperse, and well-defined the particles are. At the highest q, a power law is usually found. In the case of microgels, it extends typically between a shallow q -1 power law characteristic of linear chains, some intermediate fractal statistics of chains, e.g. q -1.7

for chains in good solvent, or q -2 for ideal chains, up to q -4 (Porod decay) when all the chains collapse smoothly onto the particle and only a sharp interface remains. However, it can not be ruled out that especially the collapse of dangling ends at the surface of the microgels might lead to some surface roughness. This can be modeled by using modified Porod decays [START_REF] Kratz | Structural changes in PNIPAM microgel particles as seen by SANS, DLS, and EM techniques[END_REF]. Measuring these power-laws thus provides indications of the chain statistics, which in the case of microgels are strongly temperature-dependent. Several expressions exist in the literature for chain scattering, the best-known one being the Debye equation for ideal chains [START_REF] Debye | Molecular-weight determination by light scattering[END_REF]. The latter can be generalized to any power law if needed [START_REF] Hammouda | Small-angle scattering from branched polymers[END_REF]. Depending on the total size of the microgel particles, the polymer network may also contribute characteristic scattering features. Indeed, due to fluctuations in cross-linking density, density fluctuations may be visible, as well as the network mesh size. The reader is referred to the relevant literature for details [START_REF] Kyrey | Inner structure and dynamics of microgels with low and medium crosslinker content prepared via surfactant-free precipitation polymerization and continuous monomer feeding approach[END_REF].

Once one knows the amount of matter to be distributed on average within microgel particles (via V dry ), their average spatial extent (R g ), and the local conformation of the chains making up the network, one is left with the question of the internal concentration profile of the microgels. There are essentially two approaches to this problem. The first one is called model fitting, and it consists in starting from a hypothetical model structure (e.g. a homogeneous sphere of radius R). The form factor of such an object is analytically known, and one can thus adapt R until the theoretical intensity describes well the measured one. Due to the mysteries of scattering, one can then state that microgels may be homogeneous spheres of radius R. In reality, one can never be completely sure, but if the dry volume, the R g , the shape with its oscillations coincide, one may be pretty sure to have chosen the right model.

In the literature, several models have been proposed to describe microgel scattering: fuzzy spheres as discussed in 1.2 introduce a soft decay on the edge of the spheres [START_REF] Stieger | Small-angle neutron scattering study of structural changes in temperature sensitive microgel colloids[END_REF][START_REF] Berndt | Influence of shell thickness and cross-link density on the structure of temperature-sensitive poly-N -isopropylacrylamide-poly-nisopropylmethacrylamide core-shell microgels investigated by small-angle neutron scattering[END_REF], and other models have been discussed by us [START_REF] Cors | Determination of internal density profiles of smart acrylamide-based microgels by smallangle neutron scattering: A multishell reverse monte carlo approach[END_REF], including an expression based on a Flory-Rehner approach by Boon and Schurtenberger [START_REF] Boon | Swelling of micro-hydrogels with a crosslinker gradient[END_REF]. The essence of all these models is that if they are chosen correctly, then the fits are good, and the structure is resolved. And it is the experimentalists job to choose the right model.

We have recently applied a more general approach, where no geometry is a priori imposed, besides that the spherical symmetry of the objects, as well as their polydispersity, is known beforehand. Such a free-form analysis has been applied to block-copolymer micelles [START_REF] Lienafa | Rheology and SANS on PET-b-PLAc-b-p(DMAEMAq) triblock copolymers: Impact of the PET and polyelectrolyte chain length[END_REF], and later to microgel particles [START_REF] Virtanen | Persulfate initiated ultra-low cross-linked poly(N -isopropylacrylamide) microgels possess an unusual inverted cross-linking structure[END_REF][START_REF] Cors | Determination of internal density profiles of smart acrylamide-based microgels by smallangle neutron scattering: A multishell reverse monte carlo approach[END_REF]. The method is based on a reverse Monte Carlo algorithm, which searches stochastically for the best fit of a multi-parameter model given by the concentrations in successive spherical shells. The concentration in each shell thus defines the average density profile of the particle, from the center to its surface. It is thus not much different from the above model-fitting, only that (many) more parameters need to be optimized. Such approaches are nonetheless known as inversion techniques, as they invert the intensity back into structure, whereas a model fit assumes a structure and compares to intensity. Inversion techniques are part of a larger class of techniques, like the (deterministic) indirect Fourier transform and its variants [START_REF] Glatter | Data evaluation in small angle scattering: calculation of the radial electron density distribution by means of indirect fourier transformation[END_REF][START_REF] Glatter | A new method for the evaluation of small-angle scattering data[END_REF], and (stochastic) reverse Monte Carlo calculations [START_REF] Mcgreevy | Reverse monte carlo simulation: A new technique for the determination of disordered structures[END_REF]. The difference here is that the concentration profiles are based on real monomers moving between the shells in order to optimize the fits, and that the spherical symmetry is implemented from the beginning. The physics of the problem is thus taken into account from the construction of the method, as it is done in other fields where the basic building blocks like nanoparticles are used [START_REF] Oberdisse | Structure of interacting aggregates of silicananoparticles in a polymer matrix: smallangle scattering and reverse monte carlo simulations[END_REF][START_REF] Musino | Structural identification of percolation of nanoparticles[END_REF]. This means of course that for each problem, a new algorithm has to be set up. Finally, as all such methods, they suffer from under-determination. In such so-called illposed problems, more than one solution exist. The standard way is to favor a solution by regularization, e.g., by demanding that the profile decays smoothly, and average over families of solutions obtained in the course of a simulation.

The geometry of the multi-shell model is defined by the number of monomers in an average particle consistent with eq.( 1.11), taking into account the crosslinkers and particle polydispersity in all calculations. These monomers are distributed over N p shells, where N p is typically 30, of width ∆R = 2 nm for our particles, but this needs to be adapted to the particle size. Obviously, certain physical bounds need to be respected, like the minimum occupation of a shell (no monomers in a shell), but also the maximum filling (100% volume fraction).

The idea of the algorithm is to start from some initial condition, which may be having all shells filled from the center of the particle until all monomers have been distributed. This initial condition should be varied in order to check the convergence of the procedure. The volume and number of monomers in each shell may be transformed into the scattering length density of each, and then the sum of each contribution may be calculated in order to obtain the total intensity:

I shells (q, r) = Np i=1 N V 4π 3
r(i) 3 (∆ρ(i) -∆ρ(i + 1)) 3 sin(qr) -qr cos(qr) (qr) 3 trast of shell i. The contrast of the surrounding solvent shell ∆ρ(N p + 1) is set to zero. The Monte Carlo part is then to modify the distribution of the monomers between the shells, e.g. by moves of some of them between randomly chosen shells (respecting the bounds), and check if the outcome of eq. 1.12 agrees better with the experimental scattered intensity. Here, agreement is usually expressed in terms of χ 2 , i.e. a normalized sum over squares of differences between the prediction I shells and experiment, modulated by some error bar.

Moves leading to decreasing χ 2 are always accepted, but in order to explore also some less satisfying monomer profiles in a so-called simulated annealing approach, slight increases of χ 2 may also be accepted. This latter process is driven by an effective temperature parameter χ T , which in the beginning accepts large χ 2 -increases, and progressively diminishes this amplitude. As a last point, the result needs to be regularized as outlined above, which amounts to a simultaneous optimization of the agreement with the experimental intensity (low χ 2 ), and high smoothness.

In Figure 1.7(left), the progression of the algorithm from the initial condition to the final outcome is shown. The black squares show the evolution on a logarithmic scale of χ 2 with the number of Monte Carlo steps. It is found to be satisfying after a few hundred thousand steps, and then all parameters are kept fixed and the solution is averaged. In the course of the annealing process, the effective temperature χ T is seen to be pushed down until it is kept constant in the averaging phase. Simultaneously, the number of monomers N move tentatively moved in each MC step is also decreased. While the simulation is running, the roughness of the profile stays under control (see original article).

In the inset of Figure 1.7(left), the experimental intensity to be fitted is shown, with the initial guess, and the final fit superimposed to the data. In the right panel, Figure 1.7(right), finally, for each T the resulting profiles are shown for this p(NIPMAM) microgel, which afterwards is used as the core in subsequently studied core-shell microgels (see section 1.3). This is thus the real-space signature of the microgels as seen by small-angle scattering analyzed through the multi-shell model. The profiles give simultaneous information on the local density and spatial extent, the two being coupled by volume conservation. At the highest temperatures, dense and small cores are thus found, whereas swelling leads to much more diffuse, tenuous structures.

Multicompartment and multi-stimuli responsive microgels

The thermoresponsiveness of microgel particles is only one of available smart properties. Sometimes the sensitivity to other stimuli, possibly within the same object, is of interest for fine-tuning morphologies, colloidal stability, and interaction with guest molecules. Introducing electrostatic charges within the microgel is an obvious choice, and copolymerization with ionic or ionizable monomers is a straightforward way to make the backbone carry charge, possibly with a pH-dependence as with for instance weak acids, which are neutral below their pK a , and negatively charged above. The main principles of microgel response to electrostatics are that the pH can act as a trigger to switch on charges, the effect of which is possibly compensated by mobile ions screening electrostatic interactions on the scale of the Debye length. The ionic equilibrium between counterions and the charged backbone is governed by a compromise between electroneutrality and translational entropy of ions, and the resulting average spatial distribution of ions is described by the Poisson-Boltzmann theory -or Debye-Hückel in its linearized version. This results in swelling of the microgel by the osmotic pressure of the counter-ions. This swelling effect is thus both pH-and ionic strength-dependent.

Having different stimuli at hand, the next step in complexity is then to design multicompartment-multistimuli microgel particles, with a different thermosensitivity for each compartment. From the synthesis conditions of precipitation around nuclei, spherical symmetry emerges naturally, and multicompartments of different swelling properties are conveniently characterized by shell-like structures [START_REF] Hellweg | Responsive core-shell microgels: Synthesis, characterization, and possible applications[END_REF], the radial density profiles of which can be extracted from scattering profiles.

Density profile analysis of isotropic structures turns out to be a powerful method both for simple microgels (like pure crosslinked pNIPAM), where the cross-linking density varies with the radius due to the different reactivities of the cross-linker and the monomer, and purpose-synthesized hollow-shell, particle-shell, and other core-shell microgel particles.

Hyatt et al. have proposed a study of pNIPAM co-polymerized with relatively high amounts of acrylic acid (24%mol) [START_REF] Hyatt | Charge segregation in weakly ionized microgels[END_REF], complementing a previous study where the acid groups remained neutral at low pH [START_REF] Hyatt | Segregation of mass at the periphery ofN -isopropylacrylamide-co-acrylic-acid microgels at high temperatures[END_REF]. At high pH and high temperature, pNIPAM deswells, while partially ionized acid groups tend to swell following the entropic pressure of the counterions. This competition leads to an electrostatically driven microphase separation with a dense core and a tenuous shell. This particular structure has been evidenced by light scattering, PCS providing the hydrodynamic radius R h sensitive to the soft shell, and SLS the radius of gyration R g , i.e. a measure of the mass distribution in space. Data are analyzed with a polydisperse fuzzy sphere form factor which these authors refer to as core-shell due to the fuzzy surface; at higher q, a standard polymer network term is included, which we will not explicitly mention in all work discussed here. As a result, R g /R h is observed to become quite small (below 1 5 ), indicating that most mass is concentrated in the center of the microgel and thus forming a dense core. Simultaneously, a decrease in mesh size accompanies the R g /R h decrease above the volume transition temperature. These findings are similar to the internal phase separation observed by Wu et al. [START_REF] Wu | Poly(N -isopropylacrylamide-co-1-vinyl-3alkylimidazolium bromide) microgels with internal nanophase-separated structures[END_REF], who synthesized microgel systems with ionic liquid comonomers. In their case, however, the alkyl side chains are distributed across the entire particle, and TEM micrographs and DSC show the formation of spherical crystalline mesophase zones exhibiting a radius in the 10 nm range, inside the particles. This might have been a promising system for a complete analysis of the total small-angle scattering, as done in a first system of the Richtering group some years ago [START_REF] Keerl | Temperature sensitive copolymer microgels with nanophase separated structure[END_REF]. The latter authors had added a local spherical term to the intensity model in order to account for what they call with an imaginative picture "dirty snowballs".

An example of control of the colloidal stability via the addition of reactive macromolecular stabilizers has been provided by Etchenausia et al. [START_REF] Etchenausia | Cationic thermoresponsive poly(n-vinylcaprolactam) microgels synthesized by emulsion polymerization using a reactive cationic macro-RAFT agent[END_REF]. This group has studied PVCL-based microgels and could show that an outer cationic stabilizing shell is formed, without losing temperature sensitivity. SANS fits with a sphere model at low q confirm the DLS results of swelling with T and surprisingly also with total concentration. It remains to be clarified to which extend aggregation modifies the scattering signatures.

By adjusting both ionic stimuli -pH and ionic strength -, the morphology of microgels can be controlled as shown by Bergman et al. [START_REF] Maxime | Controlling the morphology of microgels by ionic stimuli[END_REF]. These authors have copolymerized acrylic acid and NIPAM, and they show that they can target swelling of the core and of the shell made of dangling ends by playing with both stimuli. Very nicely resolved static light scattering data including higher order form factor oscillations allow inverting the scattering profile into a density profile using Mie theory relevant for big objects which strongly scatter light. This procedure is also backed up by form-free modeling in a analogous way [START_REF] Virtanen | Persulfate initiated ultra-low cross-linked poly(N -isopropylacrylamide) microgels possess an unusual inverted cross-linking structure[END_REF], as outlined for our own contributions below [START_REF] Cors | Determination of internal density profiles of smart acrylamide-based microgels by smallangle neutron scattering: A multishell reverse monte carlo approach[END_REF][START_REF] Rufier | Influence of surfactants on hydrophobically end-capped poly(ethylene oxide) self-assembled aggregates studied by SANS[END_REF][START_REF] Lienafa | Rheology and SANS on PET-b-PLAc-b-p(DMAEMAq) triblock copolymers: Impact of the PET and polyelectrolyte chain length[END_REF]. In parallel, PCS data gives access to the hydrodynamic radius, and thus to the extension of the shell into the solvent. The same group has previously set up a Flory-Rehner- based model accounting for the effect of cross-linking gradients on the microgel shape as seen by the density profile [START_REF] Boon | Swelling of micro-hydrogels with a crosslinker gradient[END_REF]. Here, they add an electrostatic osmotic pressure term to their model, and show that it captures successfully the effect of the ionic stimuli. In particular, deionization induces shell swelling due to the reduced charge screening without affecting the core, whereas deprotonation by increasing the pH makes the core swell by a factor of two under the pressure of the counter-ions. Adding salt again at this high pH leaves the core swollen, but collapses the corona because the latter has a higher sensitivity to salt due to the lower density of backbone ions. This sequence of behavior is depicted in In traditional pNIPAM microgels, the non homogeneous cross-linking density is a major property influencing the particle morphology. This is not necessarily always the case, as shown for another system by Schneider et al. [START_REF] Schneider | On tuning microgel character and softness of cross-linked polystyrene particles[END_REF], the analysis of which has been used above to introduce form factors (Fig. 1

.1).

This group has varied the cross-linking density of polystyrene particles by a factor of ten, screening the range from soft pNIPAM-like behavior to hard spheres. The similar reactivity of the cross-linker and the styrene makes these particles homogeneous, free of any cross-linking gradient. These authors are mainly interested in colloidal glass transitions, and proceeded therefore in a mapping of these spheres of increasing softness onto the hard sphere phase diagram via the observation of S(q). Only at the lowest cross-linking ratios, weakly fuzzy spheres have been observed by static light scattering, as shown by their rigorous study of form factor scattering in the limit of the lowest possible concentrations. Finally, fuzziness could also be tuned by reaction conditions, which was initially varied to ensure low polydispersity. The corresponding scattered intensities are shown in Figure 1.9, where the fits with homogeneous or fuzzy spheres are seen to be more and more differentiated as the monomercross-linker feed time is increased, indicating growing fuzziness.

Unlike the formation of fuzziness sometimes referred to as corona structure caused by the inevitable cross-linking gradient, purpose-designed coreshell microgels with true double thermoresponsiveness have been developed in the past few years. Brugnoni et al. have set up a system based on a hard silica core, which can be dissolved after shell synthesis in order to obtain hollow microgels [START_REF] Brugnoni | Swelling of a responsive network within different constraints in multi-thermosensitive microgels[END_REF]. They have subsequently polymerized two shells, the inner with pNIPAM, and the outer one with pNIPMAM which has a ca. 10 K higher volume transition temperature, for a typical swollen size of 250 nm characterized by dynamic light scattering. The systems are thus silica-shell-shell, and hollow-shell-shell, while moreover the outer shell can be left out for comparison. Besides cryo-TEM, SANS is used to access the polymer density profiles, taking advantage of the solvent H 2 O/D 2 O to match the silica contribution if present. Core-multishell modeling with inter-penetrating interfaces and outer fuzziness, which moreover is compared to computer simulations, provides density profiles. Their analysis provides the keys to understanding the impact of constraints within such doubly thermo-responsive microgels, which the authors refer to as push-pull effect. Indeed, attachment of the inner shell to the silica core limits swelling, and in this case inter-penetration with the outer collapsed shell is observed. On the contrary, swelling is more pronounced for the hollow core, which is partially filled upon heating, avoiding shell inter-penetration. Also, PCS shows that the outer shell constrains the inner one between the two T c , when the inner shell starts swelling, a phenomenon referred to as corset effect and which has attracted further attention as discussed below. In all cases, however, the interaction between the two shells has the effect of preserving the cavity, a case which may be compared to the inverted system studied by the same group before, with the outer shell swelling first upon heating [START_REF] Schmid | Multi-shell hollow nanogels with responsive shell permeability[END_REF].

The microgels with a collapsed inner and a swollen outer shell showed similar density profiles with and without silica core, with a slight increase of the cavity size. In the context of such studies, one may mention that most conclusions (like inter-penetration) are drawn by comparison of the total density profiles. One should keep in mind that in absence of deuteration, SANS is not capable of differentiating between the two monomers. Some usually plausible assumptions are thus necessary for data interpretation.

In a very recent article, Brugnoni et al. [START_REF] Brugnoni | Synthesis and structure of temperature-sensitive nanocapsules[END_REF] study hollow double shell microgels designed in order to release possible guest molecules from the cavity by swelling of the shell, thereby providing permeability via the increase of the mesh size. Their system is based on pNIPAM co-polymerized with an ionic monomer in the inner shell, thereby lowering the transition temperature to below room temperature. They show by static light scattering via the radial density profiles obtained with a fuzzy core shell model that the cavity remains preserved, while colloidal stability is maintained even in the shrunken state. Indeed, at room temperature where the pores towards the cavity are more closed in order to localize potential guest molecules, the steric protection of the outer and swollen pNIPAM shell remains effective.

Adding a new trigger is not always the only reason for introducing ionizable comonomers of weak acids. The same pathway has been explored by Wypysek et al in order to circumvent the problem of too low T -responsiveness of highly cross-linked hollow shells, whereas too loose cross-linking introduced floppiness and did not preserve the hollow cavity [START_REF] Wypysek | Tailoring the cavity[END_REF]. As with the above-mentioned systems, the pH then controls if the system is responsive to temperature in the neutral state. In case of backbone ionization, here of co-polymerized itaconic acid at 10 mol%, at high pH sensitivity to ionic strength is introduced. The advantage of this molecule is to maintain colloidal stability of the silica during synthesis, as it can be copolymerized in the neutral state. The main effect of the backbone charge present at high pH is to add counter-ion osmotic pressure in the system, which acts as a radial force towards the outside, thus preserving the cavity. In this context, a Poisson-Boltzmann cell model has been set up to investigate the ionic profiles and resulting pressures. The corresponding scattering data has been analyzed by a fuzzy core-shell model. The first result of the introduction of the ionic stimulus is the suppression of thermo-sensitivity in the relevant temperature range. In the charged state, the system becomes sensitive to ionic strength. Screening by adding salt lowers the electrostatic osmotic pressure, leading to the surprising result of a less fuzzy outer surface, and a more fuzzy interior cavity wall. This is due to the expansion of the polymer towards the interior, whereas the outer surface becomes less stretched. Wypysek et al. thus evidence new ways of controlling multi-compartment microgel morphology, by either using T -sensitivity, or charge screening.

Once the core-shell and potentially hollow architectures are well mastered, electrostatic charges can be employed to trigger uptake, storage, and release of polyelectrolyte as generic guest molecules. Naturally, other host-guest interactions may be chosen, like hydrophobicity, but then the convenient pH-trigger of electrostatics to control uptake, storage, and in particular release is usually lost. Gelissen et al. have studied the introduction of poly(styrene)-sulfonate of various masses into core-shell microgels designed with a cationic polymeric core to attract functional guest molecules [START_REF] Arjan | An anionic shell shields a cationic core allowing for uptake and release of polyelectrolytes within core-shell responsive microgels[END_REF]. Monomethylitaconate is copolymerized in order to introduce the positive charges. As cationic macromolecules exhibit cell toxicity due to interactions with negatively charged biomolecules, the authors have added an anionic APMH-shell, thus limiting toxicity. This has also the advantage of accumulating the guest molecules inside the particles, avoiding layer formation on the surface which could limit uptake. On the other hand, the total amount of incorporated guest molecules does not seem to be decreased by the presence of the shell, but mostly controlled by the mass of the guest polyelectrolyte: smaller molecules are found to penetrate deeply in the core, while the longer ones remain in the periphery of the core. The latter provide a larger uptake, and due to the reduced interaction with the cationic polyelectrolytes, a more complete release. The corresponding internal microstructure has been shown by detailed SANS modeling based again on the fuzzy core-shell structure of all hydrogenated material -microgel and polyelectrolyte. The characteristic increase of the overall density profile above the value of the pure microgel indicates the presence of the guest molecules. If one excludes reorganization of the microgel morphology itself -this is one of the structural assumptions needed in absence of deuteration as mentioned above -, the effect of density added by chains is clearly seen in Figure 1.10, where the pure microgel volume fraction has been set to one in the center. Its increase shows thus the presence of the polyelectrolyte, which has different locations for short and long chains. As a result, uptake can be performed at low pH where the shell is neutral, and release at high pH. The latter seems to be more efficient for the longer chains, presumably because of their accumulation at the interface between the two shells. And finally, as often done by these groups, experiments are compared to computer simulations for structure and release kinetics, providing further insight into the mechanisms. Reproduced with permission of the Royal Society of Chemistry from ref. [START_REF] Arjan | An anionic shell shields a cationic core allowing for uptake and release of polyelectrolytes within core-shell responsive microgels[END_REF].

In a French-German collaboration, our own groups have recently revisited the structure of core-shell microgels where the core and the shell monomers, pNIPMAM and pNNPAM, respectively, have different volume transition temperatures, namely ca. 45 o C and 23 o C, respectively. This leads to a peculiar swelling behavior as measured by dynamic light scattering, which reports the hydrodynamic radius as a function of temperature [123]. In spite of showing a jump in size at each transition temperature, a linear swelling domain is found between the two transition temperatures. This was first explained by the above-mentioned corset effect [123], where the swelling of the core as the temperature is lowered from 55 o C is hindered by the still collapsed shell of pN-NPAM. However, the complete picture is a bit different, as we could show by introducing deuteration of one of the monomers, pNNPAM. Deuteration gives access to the individual spatial distribution of each monomer, the quantitative determination of which is particularly well-performed using the form-free Monte Carlo simulations outlined in the neutron section above, and which will be applied here. In this context, it is worth mentioning that there has been some effort invested into characterizing the consequences of deuteration on the phases. Cors et al. have studied the volume transitions for different deuteration schemes by dynamic light scattering [START_REF] Cors | Spatial distribution of core monomers in acrylamide-based core-shell microgels with linear swelling behaviour[END_REF]. Among the surprising results, it was shown that the transition temperature is not a monotonous function of the fraction of H-D-replacement. Brugnoni et al. arrived at a similar conclusion in their studies of ultra-low cross-linked pNIPAM microgels, i.e. with synthesis without dedicated cross-linking molecules [START_REF] Brugnoni | Synthesis and structure of deuterated ultra-low cross-linked poly(N -isopropylacrylamide) microgels[END_REF]. They found that the amplitude of the temperature shift depends on the specific group which is substituted, vinyl or isopropyl, only the latter one showing a strong impact of deuteration.

Moreover, (self-)cross-linking was also found to be sensitive to, and possibly hindered by deuteration, as found with a deuterated isopropyl group, which presumably is the group responsible for spontaneous cross-linking.

Coming back to the pNIPMAM-core/pNNPAM-shell system, we have first compared the qualitatively new linear swelling behavior in bulk (by PCS) to the one observed for microgel particles adsorbed onto a surface (by ellipsometry), and found that the swelling is robust, i.e. not affected by the surface [START_REF] Cors | Core-shell microgel-based surface coatings with linear thermoresponse[END_REF].

In Figure 1.11, this is seen to be robust for different core cross-linking ratios (BIS).

Using the form-free reverse Monte Carlo simulation, we have then solved the multi-shell model for the pNIPMAM cores, called core-only microgel particles [START_REF] Cors | Determination of internal density profiles of smart acrylamide-based microgels by smallangle neutron scattering: A multishell reverse monte carlo approach[END_REF]. The resulting volume fraction profile has already been shown in Figure 1.7. The decrease in temperature is seen to cause the swelling of the particle, with a decrease of its density in the core region, which extends to progressively higher radii. At 15 o C, the fully swollen state is characterized by an approximately constant central zone, which is surrounded by a more and more dilute corona. This core-corona structure is the natural result of the gradient in cross-linker, and not the core-shell structure purpose-synthesized successively with two different monomers, both cross-linked.

The microstructure of the core-shell microgels has also been studied by SANS, in separate experiments made with the same microgel particles, while adapting the solvent [START_REF] Cors | Deuteration-induced volume phase transition temperature shift of PNIPMAM microgels[END_REF]. Using a H 2 O/D 2 O solvent rich in light water allows matching the hydrogenated monomers (pNIPMAM), and the inverse is true for the pNNPAM shell. The scattered intensity thus reflects only the spatial distribution of the non-matched component. In Figure 1.12, the density profile of the core monomers within the core-shell microgel is plotted, for invisible but present shell monomers. While the set of curves follows mostly the same sequence as the core-only particles already shown in Figure 1.7, the surprising result is that the density of the core-monomers has not been increased by the surrounding deuterated pNNPAM shell, but actually decreased. This stands at odds with our own (naive) interpretation of the corset effect, which states that the shell actually compresses the core, and should therefore increase its density.

Figure 1.12: Density profile of the core monomers of the H-pNIPMAM-core D7-pNNPAM-shell system with the same core as in Fig. 1.7, and a contrast matched shell (CCC = 1.9 mol%). Adapted with permission from [START_REF] Cors | Spatial distribution of core monomers in acrylamide-based core-shell microgels with linear swelling behaviour[END_REF].

The complementary SANS measurements of the pNIPMAM-pNNPAM microgels with a deuterated shell monomer in mostly hydrogenated solvent matching the pNIPMAM has provided molecular understanding of the above surprise: the now visible shell monomers do not form a homogeneous shell around the core, but rather penetrate into it down to the center of the microgel particle.

In Figure 1.13a, the scattered intensities for different temperatures are found to be well described by the model. The corresponding shell monomer density profiles are reproduced in Figure 1.13. As a surprising result of monomer compatibility at high temperatures, the so-called shell monomer is actually more abundant in the core than the core monomers themselves! It looks like the second polymerization fills up the holes and meshes, before finishing its polymerization with a thin shell around the composite core. Obviously, this result must be system-dependent, because higher amounts of shell monomer would then induce the growth of a true shell. In the present case, however, the result is a monomer concentration gradient throughout the microgel, which presumably leads to different transition temperatures for each piece of material, depending on its distance from the center. This progressive evolution of the transition temperature is probably responsible for the striking linear swelling behavior shown in Figure 1.11. Reproduced with permission of the Royal Society of Chemistry from ref. [START_REF] Cors | Contrast variation SANS measurement of shell monomer density profiles of smart core-shell microgels[END_REF].

Time-resolved small-angle scattering

According to Tanaka and Filmore [START_REF] Tanaka | Kinetics of swelling of gels[END_REF] the swelling kinetics of gels scales with their largest dimension. Macroscopic gels are therefore rather slow in reaching their equilibrium state which limits their usefulness in sensor or actuator design. However, since the smallest dimension is decisive for the kinetics, microgels can have very short response times. A good way to measure the response time of colloidal gels is the use of classical relaxation methods like p-or Tjump and stopped flow techniques combined with fast scattering methods to follow the induced structural changes. The stopped flow technique was successfully used by the Richtering group in the study of de-swelling of microgels triggered by mixing the aqueous microgel solution with alcohol. In this experiment, the co-nonsolvency effect is exploited to induce the volume transition of the particles in the mixing cuvette [START_REF] Keidel | Time-resolved structural evolution during the collapse of responsive hydrogels: The microgel-to-particle transition[END_REF]. The experiments were done at the European Synchrotron Radiation Facility (ESRF) (Grenoble, France) using the ID02 SAXS beamline. The stopped-flow system was employed for ultrafast mixing of a microgel solution in pure methanol and a methanol water mixture with X M eOH ≈ 0.2. In Fig. 1.14A the SAXS data are plotted as a function of time. The statistics of the SAXS data is sufficiently good to allow a fit with a form factor model.

In combination with simulations, the authors have shown that the collapse is a two-step process with two largely different time constants of τ 1 = 1.3 ms and τ 2 = 2227 ms. These results are in good agreement with recent stroboscopic p-jump SANS experiments by Wrede et al. [START_REF] Wrede | Volume phase transition kinetics of smart N -n-propylacrylamide microgels studied by time-resolved pressure jump small angle neutron scattering[END_REF]. The experiments were performed on the D11 small-angle scattering machine at the Institute Laue Langevin which has a time-resolution of 2ms. The authors used a home built pressure jump device allowing also 2ms of dead-time. However, in contrast to the work by the Richtering group, here a poly(N -n-PAM) microgel was studied. Also in this case two relaxation times were observed for the pressure induced collapse. Swelling is characterized by only one relaxation time.

Also the growth kinetics of microgels can be studied by time-resolved scattering techniques. The synthesis of nano-and microgels is usually done using bad solvent conditions for the respective polymer which is employed. After initiation, the forming oligomers phase separate and form a nucleus for the further precipitation of growing chains. However, many details of this so-called precipitation polymerization are still unknown. Here, time-resolved scattering experiments are of paramount importance to achieve a more detailed understanding of the process. An interesting example for such a study is the article by Virtanen and co-workers [START_REF] Otto | Direct monitoring of microgel formation during precipitation polymerization of N -isopropylacrylamide using in situ SANS[END_REF]. These authors investigated several initial conditions with respect to their influence on the formation of standard PNI-PAM microgels. The particle number density in the reaction volume is found to decrease due to peroxide initiator-induced self-crosslinking of NIPAM. The same phenomenon occurs upon increasing the amount of cross-linker. The most important outcome is related to the finding that a certain number of nuclei is created during the early stages of the reaction. Afterwards the number density is found to stay constant. This explains the very low polydispersity usually achieved in a precipitation polymerization.

Crowded microgel systems

Up to here we have reported on microgel particles in dilute suspension, without interaction between neighboring particles possibly modifying their swelling behavior and morphology. The two main types of interaction are steric potentials which impede corona overlap, and electrostatics, which is caused by the ionic comonomers as already explored above. For low ionic strengths, electrostatic repulsion may have a range such that such interactions play a role. In this case, it is the ratio between Debye length and average inter-particle distance which determines if the regime is indeed dilute, or not. In any case, increasing the particle number density inevitably introduces interactions, which may thus be of electrostatic or steric origin, including soft-core repulsion. Several groups have focused on the morphology and swelling behavior of microgel particles embedded in a sea of other particles, or surrounded by other molecules, and some recent work is reviewed below.

As this chapter focuses mainly on small-angle scattering experiments, a key difference between SAXS and SANS should be emphasized here. In SAXS, it is complicated to modify particle contrast, although some possibilities using anomalous X-ray scattering exist [START_REF] Ballauff | SAXS and SANS studies of polymer colloids[END_REF] or in some cases the electron density of the solvent can be changed by sugar addition [START_REF] Garcia-Diez | Size determination of a liposomal drug by small-angle x-ray scattering using continuous contrast variation[END_REF][START_REF] Dargel | Heatinginduced DMPC/glycyrrhizin bicelle-to-vesicle transition: A x-ray contrast variation study[END_REF]. However, the sugar moelcules drastically change the solvent properties and might also influence the particle interaction potential in an unwanted way.

In concentrated microgel systems, the interferences of waves scattered by different particles thus overlap with the self-scattering, i.e. the form factor, averaged over all particles [START_REF] Lindner | Neutrons, X-rays and light : scattering methods applied to soft condensed matter[END_REF]. The more concentrated the suspension, the stronger the perturbation of the form factor -which contains the morphological information -by the structure factor encoding the inter-particle correlations. On the contrary, SANS is very sensitive to deuteration, and synthesis of the same type of microgel particle, i.e. same size, monomer, and densities, in two versions, one deuterated, one hydrogenated, is a feasible task. Naturally, some minor discrepancies may remain due to polymerization issues, but also because hydrogenated and deuterated molecules do not have exactly identical physical properties. Nonetheless, it is often possible to either contrast match one of the two species via the solvent mixture, and thereby reduce the effective density of the visible species, or, even better, perform a zero-average contrast experiment [START_REF] Cotton | Variations on contrast in SANS: determination of self and distinct correlation functions[END_REF][START_REF] Banc | Origin of small-angle scattering from contrast-matched nanoparticles: A study of chain and filler structure in polymer nanocomposites[END_REF]. In the latter case, the structure factor cancels due to some "magic" compensation of interferences between H-D and H-H and D-D particles. The latter method needs to be carefully designed when preparing experiments, but turns out to be extremely powerful for the analysis of concentrated suspensions.

The work by Nöjd et al. perfectly illustrates the usefulness of SAXS and SANS, respectively [START_REF] Nöjd | Deswelling behaviour of ionic microgel particles from low to ultra-high densities[END_REF]. These authors have studied pNIPAM microgels copolymerized with acrylic acid. Before mixing fully deuterated and fully hydrogenated particles in water, dilute and partially charged microgels at low pH were compared by PCS, finding that they were close in size, of similar swelling properties, and only slightly shifted in transition temperature (see discussion of refs. [START_REF] Cors | Deuteration-induced volume phase transition temperature shift of PNIPMAM microgels[END_REF] and [START_REF] Brugnoni | Synthesis and structure of temperature-sensitive nanocapsules[END_REF] in section 1.3). In the following concentration series, both particles were mixed with H 2 O/D 2 O in the appropriate ratio in order to fulfill the zero-average contrast condition. In Figure 1.17A, the SANS intensities have been plotted, and they are seen to have no influence of structure factors, i.e. the matching worked perfectly. In Figure 1.17B, the same samples have been measured with SAXS. Here, the deuteration does not modify the electron-density distribution. Thus the full intensity with form and structure is obtained. Very prominent structure factor peaks arise, which have been described by the authors by a variant of a well-known solution of integral equations called renormalized mean spherical approximation. The original form of the latter takes electrostatic interactions into account, and its modification by penetrating solvent typical for hydrogels. In both SAXS and SANS, the form factor can be described by a fuzzy sphere plus polymer network fluctuations.

Intensity measurements in absolute values then provide a mass determination of the particles, using eq. 1.11. At the lowest concentrations, the measurements are complemented by static and dynamic light scattering, both highlighting persistent interactions. To summarize, the authors report that these ionic microgels are quite swollen at close to infinite dilution due to electrostatic forces coming from partial protonation of acrylic acid. Via solution of a Poisson-Boltzmann cell model for the core, and Monte Carlo simulations of the dangling-ends forming the corona, they highlight the electrostatic effect on the particle structure, termed porcupine in a zoological analogy. At intermediate concentrations, the microgels decrease in size, and reach an almost constant core radius throughout the SANS regime. Only at the highest concentrations, when the effective volume fraction approaches one, a weak shrinking is ob- served.

In a follow-up, the same group has studied H-and D-microgels in presence of alternating electric fields, also under zero-average contrast [START_REF] Njd | Soft particles in an electric field -a zero average contrast study[END_REF]. The fuzzy sphere model successfully describes particle shapes for high and low fields, indicating that particles are not deformed by external electric forces. They are, however, found to align, as evidenced by laser scanning confocal microscopy.

The SANS measurements thus allow to show that in spite of the decrease of interparticle distances in the strings, there is no particle compression or deformation, but apparently only particle interpenetration. The latter is probably the mechanism responsible for long-lived metastable crystalline states, which have to overcome chain entanglement between microgel particles in order to rearrange.

However, in recent work by Scotti [START_REF] Scotti | Characterization of the volume fraction of soft deformable microgels by means of small-angle neutron scattering with contrast variation[END_REF] the conclusion is slightly different which is probably related to the fact that in the works by Nöjd et al. only linearly aligned particles were studied. Determination of the real volume fraction of microgels is not at all trivial and the chemical composition has a major influence on possible particle deformation. Scotti has addressed this problem also using contrast variation having partly deuterated microgels as a matrix for nearly identical hydrogenated particles. Using appropriate heavy and light water mixtures allows to measure an apparent form factor for dilute hydrogenated microgels which are nevertheless compressed by the matrix. For NIPAM microgels with 5 mol% cross-linker he has observed that up to a volume fraction of 0.64 no significant deviation between the real and the so-called generalized volume fraction occurs. Beyond this value the real volume fraction is smaller than the generalized volume fraction based on the radius of the diluted particles. Hence, at φ = 0.64 for these microgels compression sets in. For ultralow cross-linked microgels compression starts even earlier at φ = 0.58. The compression of microgels was found to lead to faceting [START_REF] Gaurasundar | Jamming and overpacking fuzzy microgels: Deformation, interpenetration, and compression[END_REF] using super-resolution optical microscopy. In his work Scotti uses this phenomenon to explain the observed increase in apparent polydispersity in the form factor fits.

As with monodisperse hard spheres, microgel particles may crystallize at high concentrations. As soon as polydispersity exceeds some 12% for hard spheres, crystallization is suppressed. But contrary to hard spheres, microgels may also adapt their shape, and possibly size. Scotti et al. have followed this idea by comparing phase diagrams and scattering of microgel mixtures of controlled polydispersity, comparing in particular Gaussian polydispersity to bidispersity with a ratio in size of 1.3 to 1.4 [START_REF] Scotti | Phase behavior of binary and polydisperse suspensions of compressible microgels controlled by selective particle deswelling[END_REF]. They focus on a concentration study of the fully swollen state of pNIPAM accessible at room temperature. By introducing bidispersity, the size mismatch impedes in theory crystallization. Due to the presence of electrostatic charges caused by the initiator molecules, the counter ion pressure is sensitive to the microgel concentration, and responsible for shrinking at high concentrations [START_REF] Scotti | The role of ions in the self-healing behavior of soft particle suspensions[END_REF]. By analyzing the apparent structure factors relying on polydisperse fuzzy sphere form factors measured at high dilution -it has been checked independently that this introduces only little error in peak shape and position -, this study finds that the bigger microgel particles shrink preferentially, thus reducing the polydispersity. The resulting S(q) resembles the one of the small particles only, indicating that the bigger ones have deswollen, thus favoring crystallization up to a number fraction of ca. 30% of big particles. Concerning Gaussian polydispersity, the flexibility of the microgel allows accommodating up to almost 20% polydispersity and still crystallize, presumably due to the shrinking of the large-size tail of the distribution. The next step taken in concentration studies was to introduce a new degree of freedom, by taking advantage of the hollow microgels discussed in section 1.3. The presence of the cavity naturally allows the microgel particles to adjust to external pressure exerted by the surrounding microgels, which have been chosen to be plain but of identical cross-linking and (almost identical) hydrodynamic radius. The group takes nicely advantage of the properties of neutron scattering, by contrast matching via the solvent mixture of light and heavy water the plain microgel particle, and highlighting thus only the hollow ones [START_REF] Scotti | Hollow microgels squeezed in overcrowded environments[END_REF]. As their concentration was deliberately kept low, the structure factor influence becomes negligible, and they measure directly the form factor, which has been described by the usual fuzzy hollow-shell model. It may be noted that the form-free model (see section 1.2) has been applied as a cross-check, and provides virtually identical profiles. As a result, the cavity is seen to be preserved up to moderate volume fraction. At higher pressures, the polymer extends into the cavity, and simultaneously the outer fuzziness of the hollow microgels disappears.

In a subsequent step, Scotti et al. comparatively discuss the influence of microgel cross-linking and architecture on morphology under pressure at high concentrations [START_REF] Scotti | Deswelling of microgels in crowded suspensions depends on cross-link density and architecture[END_REF]. They use the same contrast matching approach of the matrix of microgels exerting the pressure on some selected, non deuterated microgels. They confirm the important role of the cavity, which in particular has a stronger contribution to deswelling than the decrease of the cross-link density by a factor of two.

As a final point in this review of recent work on concentrated microgels, we propose to highlight a completely different approach. The effect of increase in concentration of microgel particles is usually studied in a molecular solvent, as in the above studies. An interesting crossover has been proposed by Schneider et al., who study the effect of added linear polymer chains replacing the solvent [START_REF] Schneider | Internal structure and phase transition behavior of stimuli-responsive microgels in PEG melts[END_REF]. Their microgel particles are made of p(N -polyvinylcaprolactam), of swollen size in heavy water about 200 nm. These particles are incorporated in PEG melts of different chain mass using a common solvent and subsequent evaporation. With dPEG, the microgel particles gain neutron visibility, and bumps in the SANS intensity can be described by a core-shell model with fuzziness. Surprisingly, the small polymer chains gain also visibility, indicating a molecular mixture, i.e. interpenetration into the microgels, for the smallest masses of below 3k. The larger masses do not show chain scattering if samples are fully equilibrated, and a strong low-q increase seems to indicate phase sepa-ration. At high temperatures, between 160 and 180 o C, the microgels are found to deswell, they thus seem to cross a critical temperature interpreted as LCST.

This results in the expulsion of matrix chain molecules, with a corresponding decrease of the visibility of the latter. If this happens at high microgel concentrations, the particles appear to order in the majority phase in close contact, and the corresponding peak position shifts with the deswelling.

Conclusion and outlook

Micro-and nanogels are a very active research topic, and we have given a necessarily subjective view of recent progress in the field. Our focus was directed towards new particle morphologies, but also included evolution of particle structure with external stimuli including solvent, pressure, and temperature jumps, as well as internal stimuli like the pressure exerted by neighboring particles. For such studies, the use of scattering techniques is crucial, due to their non destructive and possibly time-resolved measurements of both particle architectures and interactions. In particular neutron scattering is a very powerful method, as (partial) deuteration can be used to localize different monomers and particles in space via isotopic substitution, zero-average contrast, and in general contrast variation methods. Given the importance of these methods, we have also provided an overview of the analysis of static and dynamic scattering data. In particular density profile approaches have provided deep insight into particle morphologies. With an admittedly scholarly presentation of both the underlying mechanisms, and some "hands-on" tools on how to access the relevant information, we hope to have convinced the reader that scattering is a highly suitable tool for microgel studies.

It is noteworthy that only very few systems were characterized with respect to growth kinetics. Especially for copolymer systems at least to our knowledge no data are available, and we hope that new experiments with ever more powerful instruments will allow unraveling the details of such mostly unknown processes. We are looking forward to reading such results in the literature, and hope that our modest contribution here will be useful for scientists working in the field.

Appendix: Absolute intensity for fuzzy sphere form factors

The expression in eq. 1.5 is the product of the normalized hard sphere form factor by a Gaussian. This product in q-space corresponds to a convolution in r-space by a Gaussian, and as the Gaussian is symmetric, the weighting by the volume is usually overlooked in the literature. This leads to absolute intensity predictions with slight errors, of the order of 10% depending on fuzziness. In other words, the integral over the profile describing the density function contains a term 4πr 2 , which is asymmetric around the nominal radius r = R, and increases the weighting of the outer zones of higher r. It is straightforward to calculate that in the case of a 10% interfacial width ( σ R = 10%), the correction factor is 1.03, and for 20%, it is ca. 1.12. The effect of fuzziness is to increase the particle size visible in the Guinier regime, and this should be accompanied by the above intensity correction, although it is usually not explicitly included in form factor equations like eq. 1.5.
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 11 Figure 1.1: SLS data for four different microgels. The solid black lines correspond to a fit using a homogeneous sphere model. The dashed yellow lines are fits with the fuzzy sphere model. Reproduced from Ref. [96] which was published under the license CC BY 3.0 by the Royal Society of Chemistry .
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 12 Figure 1.2: Joined SLS and SAXS data set for a collapsed microgel measured at 50 o C. Reprinted from Publication [59] with permission from Elsevier.
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 13 Figure 1.3: Averaged relaxation rates Γ for a series of homopolymer microgels made with alternative monomers [44] at T = 10 o C: swollen state. Each correlation function was measured three times at 11 scattering angles. For all particles, the data follow the expected linear behavior indicating purely diffusional dynamics. Within
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 1 Fig. 1.3 shows data for the already widely used and commercially available monomers N -isopropyl acrylamide (NiPAM) and N -isopropyl methacrylamide (NiPMAM), as well as for the rarely used acrylamides, N,n-propylacrylamide (NnPAM) and N -n-propylmeth-acrylamide (NnPMAM), and the previously not used monomers N -isopropyl-N -methylacrylamide (NiPN-MeAM), N -n-
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 14 Figure 1.4: Swelling curves of polysaccharide microgels as measured by PCS. ∆T indicates the difference between the synthesis temperature and the LCST of the microgels. Obviously the swelling behavior is impacted by ∆T . Reprinted with permission from [35]. Copyright 2020 American Chemical Society.
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 1 Fig. 1.4 shows the swelling curves for rather unusual polysaccharide based microgels which also exhibit a volume phase transition like their polyacrylamide counterparts.
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 15 Figure 1.5: Contrast variation for several q-values. Inset: D-polymer. Sketch: visibility of D-core and H-shell in varying solvent mixtures. Adapted with permission from [22]. Copyright 2018 American Chemical Society.
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 16 Figure 1.6: Structure of pNNPAM microgel in D 2 O for three different temperatures as indicated in the legend. The SANS intensities at 32 o C and 55 o C have been vertically shifted by a factor of 10 (resp. 100). In the inset, an estimate of the structure factor is shown for the lowest temperature.
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 17 Figure 1.7: Structural analysis of a pNIPMAM core in D 2 O. (left) The decrease of χ 2 as a function of the number of Monte Carlo steps, up to the moment when averaging is started. The process is driven by an effective temperature χ T . The inset shows the improvement of the fit starting from the initial guess. (middle) Intensities as a function of wave vector for a temperature series, shifted vertically by powers of 10 for clarity. The fit functions are superimposed. right) The radial density profiles corresponding to the RMC-solutions shown in the mid panel. Adapted with permission from [22]. Copyright 2018 American Chemical Society.
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 18 Figure 1.8: Radial measures of ionic microgels, indicating the swelling of the core and the corona in various ionic environments fixed by resins and salt. The figures (AD) correspond to different conditions. The core radius R F F as determined from SLS, as well as the hydrodynamic radius R h from PCS are shown, differences between them are used as a measure of the dangling-end contributions. Reproduced under license CC BY-NC 3.0 from ref. [8].
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 18 Figure 1.8, illustrating the effect of each stimulus individually.
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 19 Figure 1.9: Comparison of the experimental form factors of three different samples of 1:75 cross-linked polystyrene microgel particles in the good solvent toluene. The diamonds represent the data for a sample made by standard batch synthesis. The other two data sets correspond to semi-batch synthesis with two different monomer feeding speeds. Slower feeding leads to increased "fuzziness" of the PS particles. For easier comparison P(q) was multiplied by the factors indicated on the right side of the figure. Reproduced from Ref. [96] with permission of the Royal Society of Chemistry.
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 110 Figure 1.10: (a) Polyampholyte microgel with [PSSNa] 200 at pH 2 and I = 50 mM. SANS form factor and corresponding fit with a fuzzy coreshell model. (b) Radial profiles as a function of the microgel radius as obtained from fits in (a) for the polyampholyte microgel (solid line), polyampholyte microgel with [PSSNa] 20 (dashed line) and polyampholyte microgel with [PSSNa] 200 (dotted line). Note that the volume fraction has been normalized to one in the center of the bare microgel.

Figure 1 . 11 :

 111 Figure 1.11: Comparison of the swelling of microgel particles in the bulk (in terms of R h as measured by PCS, scale on the left, black symbols) to the same particles adsorbed on a surface (in terms of layer-thickness as measured by ellipsometry, scale on the right, red symbols). The linear swelling domain is indicated by the blueish lines. Both lines have the same slope. Adapted with permission from [21]. Copyright 2017 American Chemical Society.
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 1 Figure 1.13: H-pNIPMAM core with D7-pNNPAM shell with a CCC of 10 mol% (a): I(q) vs. q of SANS measurements with a H 2 2O/D 2 O that matches the core. (b): Calculated monomer density profile of the pNNPAM shell from the SANS data in a).
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 1 Figure 1.14: (A) SAXS patterns of PNIPAM microgels for the solvent composition change from pure MeOH to X M eOH ≈ 0.2 at different times. (B) Examples of form factor fits for two SAXS patterns obtained at 35 and 435 ms after mixing (for better visibility, the intensity of the SAXS pattern at 435 ms is shifted vertically by a factor of 0.3). Reproduced with permission from ref. [56].
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 115 Figure 1.15: Scheme of the setup used by Virtanen et al. (left) and some examples for the measured form factors (right). Already by bare eye one can observe the increasing particle size. Reproduced with permission from https://pubs.acs.org/doi/10.1021/acsomega.8b03461.
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 116 Figure 1.16: Series of kinetic data obtained for different initial PNIPAM concentrations. Reproduced with permission from https://pubs.acs.org/doi/10.1021/acsomega.8b03461.

Figure 1 .

 1 Figure 1.17: (A) SANS data obtained as a function of concentration as indicated in the legend. Solid lines are fits to the data using the fuzzy sphere model. (B) SAXS data obtained using the same samples as in A. The solid lines are fits to the data based on input information from A taking the structure factor into account. All curves are offset along the ordinate for clarity. Reproduced from Ref. [76] with permission of the Royal Society of Chemistry.

 (1.12) Here, N/V is the number of microgel particles per unit volume, r is the outer radius of each shell r(i) = i∆R, and ∆ρ(i) is the scattering length con-

Moreover, the enveloping high-q power law is shifted to a slope steeper than the Porod law, thereby decreasing the higher-order form factor oscillations, as expected for fuzziness.