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Abstract 

The radial density profile of deuterated poly(N,n-propyl acrylamide) shell monomers within core-shell 

microgels has been studied by small angle neutron scattering in order to shed light on the origin of their 

linear thermally-induced swelling. The poly(N-isopropyl methacrylamide) core monomers have been 

contrast-matched by the H2O/D2O solvent mixture, and the intensity thus provides a direct measurement of 

the spatial distribution of the shell monomers. Straightforward modelling shows that their structure does not 

correspond to the expected picture of a well-defined external shell. A multi-shell model solved by a reverse 

Monte Carlo approach is then applied to extract the monomer density as a function of temperature and of 

the core crosslinking. It is found that most shell monomers fill the core at high temperatures approaching 

synthesis conditions of collapsed particles, forming only a dilute corona. As the core monomers tend to 

swell at lower temperatures, a skeleton of insoluble shell monomers hinders swelling, inducing the 

progressive linear thermoresponse. 
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Introduction 

Acrylamide-based microgel particles reply to external stimuli, in particular temperature, by size changes via 

swelling by the solvent.1-10 This behaviour grants them the adjective smart. The response of these materials 

has great potential in the context of different applications like smart catalyst carriers,11-13 drug delivery,14,15 

sensors,16-18 optical devices,19-21  responsive surface coatings22 and actuators23 or in biomedical applications.24 

Combining two monomers of different transition temperatures in statistical copolymers can be used to tune 

the swelling transition temperature,25-29 whereas the subsequent synthesis of core and then shell27,30-35 may 

lead to a continuous, linear temperature dependent swelling.27,36,37 The linearity of the response of these core-

shell systems might be beneficial especially for sensors and actuators. An explanation of the restricted 

swelling of the core in the linear regime has been proposed and termed the “corset effect”. Its idea is that 

the shell surrounding the core does not swell at the same temperature, thereby impeding the extension of the 

core. Obviously, this can only work if the shell monomers form indeed a well-defined shell around the 

preformed core.  

The structure of such core-shell microgel particles has been measured by small-angle neutron scattering 

(SANS) and the data were analysed with a variety of core-shell models,38-41 where the contrast situation in 

absence of deuteration did not provide the possibility of discriminating the two monomers. Naturally, it is 

difficult to conclude then on the existence of well-defined shells, or on possible interpenetration. It is even 

more complicated to study the evolution of, e.g., interpenetration with synthesis parameters and geometry, 

or particle size. The existence of core-shell structures has been deduced from the beginning by scattering 

without isotopic labelling, in combination with swelling curves,38-41 or more recently by using fluorophore 

labelling and high resolution optical microscopy.42,43 Core-shell models for small-angle scattering are based 

on an analytic description of the radial density profile, allowing Fourier transformation for comparison with 

the measured intensities and adjusting to it by variation of a limited set of parameters: core and shell 

geometry through radii and densities, as well as fuzziness of the interface(s).40,41,44 Typical analytic functions 

are either Gaussians or piecewise polynomials. Such measurements and analyses confirmed the presence of 

both core and shell monomers, and seemed to confirm the intuitive assumption that the shell forms just 

outside the core in the synthesis step.38-41,44  In some occasion, form-free modelling has been used to check 

suitability of such models.45 Here “form-free” refers to a general profile defined by a sequence of densities 

in (thin) concentric shells, each of which can be Fourier-transformed analytically. 

Our efforts to understand the striking linear swelling (Figure S1 in the SI) properties of spherical core-shell 

microgels aim at a detailed and form-free description of their internal microstructure using contrast-variation 

SANS and an analysis giving access to the density profile of both core and shell monomers. The absence of 

a priori assumptions on the internal architecture of the density profiles proved to be crucial, as the geometries 
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turned out to be quite unexpected. Our approach is based on the combination of several measurements, 

starting with a pure poly(N-isopropyl methacrylamide) (pNIPMAM) core (“core-only”), onto which either 

deuterated or hydrogenated poly(N,n-propyl acrylamide) (pNNPAM) shells are added. It is emphasized that 

all cores are identical in the present and previous studies,46 i.e. the shell synthesis has been performed with 

existing cores, allowing for direct comparisons. For the H-D core-shell microgels, two contrast situations 

are of particular interest: measurements in 12 v%/88 v% H2O/D2O have been used to match the deuterated 

shell monomers and characterize the cores. We have found quite unexpectedly that the cores embedded in 

core-shell microgels possess the same mass but occupy a bigger volume than the corresponding ‘core-only’ 

particles.46 They possess thus a lower volume fraction, in contradiction with any compression induced by 

the (hypothetical) corset effect. This striking observation could only be explained by swelling of the core 

by the shell monomers. Indeed, by comparing the H-H with the H-D monomer density profiles, the radial 

density profile of the shell monomers could be deduced indirectly, necessarily based on the assumption that 

the different syntheses give rigorously identical distributions. It is the purpose of the present article to 

directly measure the radial density profile of the shell monomers by contrast-matching the hydrogenated 

core monomers in 77 v%/23 v% H2O/D2O solvent mixtures, and to analyse the resulting SANS curves using 

a form-free multi-shell reverse Monte Carlo analysis.45,47-51 

 

Experimental 

Synthesis: The microgel synthesis were performed under nitrogen atmosphere in a continuously stirred 

three-necked flask. The flask was equipped with a mechanical stirrer a septum for the nitrogen inlet and a 

reflux condenser. At first the cross-linker N,N’-methylenebis(acrylamide) (BIS) (99 %, Sigma-Aldrich, St. 

Louis, USA) was dissolved in water. After the solution was heated to 70 °C and purged with nitrogen for 

1 h, the core monomer N-isopropylmethacrylamide (NIPMAM) (97 %, Sigma-Aldrich, St. Louis, USA) and 

the surfactant sodium dodecyl sulfate (SDS) (>99 %, Sigma-Aldrich, St. Louis, USA) were added. Then the 

reaction was initiated by adding the radical starter ammonium peroxodisulfate (APS) (>98 %, 

Sigma-Aldrich, St. Louis, USA). After 4 h the heating oil bath was removed and the solution was stirred 

overnight at room temperature. The purification was done by five cycles of centrifugation (Avanti J-30, 

Beckman Coulter GmbH, Krefeld, Germany) at ca. 50 000 g for at least 30 minutes, decantation and 

redispersion. 

For the shell synthesis the monomer D7-N-n-propylacrylamide (D7-NNPAM, Chemical structure in 

Figure 1) was synthesized by a Schotten-Baumann reaction as described by Hirano et al. using acryloyl 

chloride (97 % Sigma-Aldrich, St. Louis, USA), triethylamine (99 %, Sigma-Aldrich, St. Louis, USA), 
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D7-propylamine (99 %, Sigma-Aldrich, St. Louis, USA) and methylene chloride (99 %, Sigma-Aldrich, St. 

Louis, USA).52 The deuterated monomer structure was verified by NMR measurements (H1, H2 and C12). 

The shell synthesis was done following the same protocol as for the core described above, with a cross-

linker content of 1.9 mol% and the exception that the core particles (0.15 wt%) were added as seeds at the 

same time as the cross-linker. Three different core-shell microgel particles with 5, 10 and 15 mol% cross-

linker in the core seeds synthesis were synthesized. Note that secondary nucleation leading to separate 

microgel particles of core and shell polymer are not observed, as the resulting core-shell microgels do show 

a specific swelling behaviour, and moreover FTIR-spectroscopy shows a cooperative effect of the two 

polymers.37 

 

Figure 1: Chemical structure of D7-N,n-propyl acrylamide (D7-NNPAM). 

 

SANS Measurements: The SANS measurements were performed at PA2053 (LLB, Saclay, France) and 

KWS-154 (JCNS at MLZ, Garching, Germany). Three different configurations were used to cover the q-

range of 0.001 Å-1 to 0.3 Å-1. On the KWS-1 we used: 1 m and λ =5 Å, 8 m and 5 Å, and 20 m and 12 Å. 

On PA20 we used: 1.5 m and 4 Å, 8 m and 6 Å, and 20 m and 6 Å. The normalization (detector electronic 

noise, water or Plexiglas, empty cell) of the data was done with QtiKWS (JCNS, Germany) for the data 

from KWS-1 and with Pasinet software (LLB, Saclay, France) for the data from PA20 to receive scattering 

data in absolute units. 

The scattering length densities (SLD) of the microgel components were determined by contrast variation. 

The SLD of H-pNIPMAM: 1.0·1010 cm-2 and the SLD of D7-pNNPAM is 5.54·1010 cm-2.46,50 The SLD of 

the solvents were estimated assuming a density of 1.107 g/cm3 for D2O (SLD = 6.38·1010 cm-2) and of 

1.000 g/cm3 for H2O (SLD = -0.56·1010 cm-2). 

Multi-shell model for radial density profile and reverse Monte Carlo optimization. We described the 

RMC fit algorithm in previous articles in detail.46,50 Its purpose is to determine the radial volume fraction 

profile Φ(r) of the monomers probed by the SANS experiments, i.e. of the deuterated monomers, the rest of 

the available space being occupied by the solvent and the matched hydrogenated core monomers. The 
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algorithm has one main assumption, which is that the microgel particles exhibit spherical symmetry, 

allowing for the representation of the density profile by monomers located in concentric spherical shells at 

radius r, and of thickness 2 nm. Note that the spherical symmetry of the particles has been checked by 

various real-space images.50,55 This allows the RMC algorithm to move randomly packages of monomers 

between the different shells in order to optimize the agreement between the measured and the model 

intensity. The intensity is calculated from the monomer density profile including polydispersity (σ = 0.2), 

the resolution function, and an ad-hoc addition of a generalized Gaussian coil to describe the chain or surface 

scattering.56  The effect of higher polydispersity is to sharpen the decays of the profiles, and vice versa, 

which is why it has been determined by direct imaging beforehand.50 After each move (MC step) the 

algorithm calculates the corresponding scattering curve and compares it with the experimental data. Thereby 

the algorithm follows some rules: (1) The volume fraction of monomers in a shell has to be between 0 and 

1, counting both the known and fixed monomer density profile of the core, and the now measured shell 

contribution. (2) The algorithm starts with 100 shell monomers per move. This number reduces 

progressively to 1. (3) The total monomer density (core + shell) is only allowed to decrease with increasing 

radius, avoiding empty inner shells. (4) Moves are accepted when the deviation between measured and 

theoretical curve is reduced or the increase is negligible following a Boltzmann/Metropolis criterion. 

Simultaneously, minimum noise is sought in the resulting Φ(r) profile.50  

 

Results and discussion 

The synthesis of the core-shell microgel particles in question has been described in detail previously,46,50 and 

the exact protocol of the shell synthesis onto the cores is given in the experimental section. The core mass 

conservation during the shell synthesis was confirmed by the measured intensity I(q→0) in absolute units 

(cm-1, scattering cross section per unit sample volume) with the same concentration of both samples (core, 

and core-shell with invisible shell). Besides selective deuteration, a key parameter to be studied is the 

concentration of core cross-linkers (CCC) N,N’-methylenebis(acrylamide) (BIS). By matching the 

hydrogenated core monomers in 23 v% D2O, only the shell monomers contribute to the coherent intensity. 

In previous work, we matched the deuterated shell and investigated the hydrogenated core of the same 

samples under different contrast conditions.46 The SANS intensity curve of a pNIPMAM/pNNPAM H-core 

D7-shell particle with a CCC of 10 mol% at 55 °C in Figure 2a (black squares) illustrates the general aspects 

of the microgel architecture. The solvent (23 v% D2O) matching exactly the core monomers 

(ρ = 1.0·1010 cm-2)50, the entire coherent intensity curve is related to the number and spatial distribution of 

the shell monomers within the core-shell microgel particles. Main features of the scattered intensity are that 
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it displays an almost perfect low-q plateau – there is no peak and only a moderate low-q increase –, 

indicating only very little interactions between the particles. The Guinier domain can be described by a 

classical radius of gyration (Rg): 

I(q) = I0 exp (- q2 Rg
2 / 3)     (1) 

The low-q limit I(q→0) is represented by the prefactor I0 allowing the determination of the number of 

D7-pNNPAM shell monomers in this sample, which is then kept constant at all temperatures. We found 

monomer numbers of 2.4 x 105, as compared to 1.1 x 105 for the core. The Rg resulting from the fit in Figure 

2a is 28 nm. For hollow shell geometries, Rg is expected to lie within the shell (Fig. S2). Comparison with 

the radius of gyration of the cores at the same temperature,46 Rg
core = 27 nm, which is known to lie inside 

homogeneous spheres (Rcore = √5/3 Rg
core = 35 nm), immediately provides evidence for a non-classical 

structure: the shell seems to be smaller than the core. Elucidating this striking observation is the main 

objective of the present article. At intermediate q, a damped oscillation characterizing the particle size is 

found, followed by a high-q power law describing the polymer chain and surface scattering. 

A priori, different radial density profiles of shell monomers can be imagined, and before turning to our 

form-free reverse Monte Carlo analysis, we show that intuitively expected models of the shell density 

profiles (see SI for details) are incompatible with the observed intensity. In all cases, we have taken into 

account the known density profile of the core monomers,46 thus limiting the space to accommodate further 

shell monomers. All tentative shell profiles are shown in Figure 2b, and the corresponding intensity fits in 

Figure 2a, respectively.  

 

Figure 2: a) Intensity curve of a D7-pNNPAM-shell with a contrast matched H-pNIPMAM-core (black squares) at 

55 °C from a SANS experiment. The CCC is 10 mol%. The Guinier approximation is shown as dotted line 

(Rg = 28 nm). The coloured lines represent the calculated intensity curves of the different simulated shell density 
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profiles in b). b) The measured density profile of the H-pNIPMAM core (black squares, in presence of contrast-

matched shell-chains, data adapted from Cors et al.46 and different density profiles tested for the shell monomers. 

The first obvious architecture is a well separated core-shell system with a very small degree of 

interpenetration. The shell profile (named “Shell (Core-Shell)”, red circles in Figure 2b) was tentatively 

located just outside the known core profile (black squares), with a maximum density identical to the one of 

the core, thus reaching a thickness of ca. 15 nm. The corresponding calculated scattering curve in Figure 2a 

is seen to completely miss the Guinier regime, meaning that the simulated shell geometry is larger than the 

experimentally measured one. Increasing the interpenetration into the core produced smaller shells, named 

“Shell (IPN)” in Figure 2b, but the corresponding intensity (green line in Figure 2a) still fails to describe 

the experimental data because of the too big size. On the other extreme, the smallest possible microgel 

model is obtained by filling the remaining space with shell monomers, starting from the centre, setting the 

total volume fraction to Φ = 1. The shell density then increases as the experimental core monomer density 

decreases. It results that all shell monomers can be accommodated in the core as shown in Figure 2b, and 

we have termed this model “Shell (Centred)”. The corresponding intensity prediction now overestimates the 

intensity in the intermediate q-range, meaning that the particle is too small. However, this prediction is much 

closer to the experimental values, and it suggests that the interpenetration of the core and the shell is strong.   

We then used our RMC fitting algorithm to find a density profile that describes the experimental data 

correctly. The outcome of the multi-shell model is a density profile (“Shell (Multishell)”, cyan in Figure 2b) 

that is very similar to the “Centred” model. It has a density of ca. 0.6 in the centre with a sharp decrease at 

a radius of 24 nm, and its scattering curve in Figure 2a describes very well the experimental SANS data. 

Note that the algorithm had no other restriction than already reported (see RMC details in SI).46,50 It can be 

concluded that the NNPAM-shell monomers strongly interpenetrate the NIPMAM-core, which is the key 

result of this article. If this were not the case, the resulting particles would be too big, and the Guinier regime 

could not be described correctly.  

Probably the most interesting property of smart acrylamide-based microgels is their swelling behaviour with 

temperature. In particular, pNIPMAM/pNNPAM core-shell microgel particles show a peculiar linear 

swelling with T between the two transition temperatures, TNIPMAM = 45 °C,28,41,57-61 and TNNPAM = 23 °C.28,58 

We have therefore studied the evolution of the shell density profile, applying the same contrast condition 

highlighting the shell, and analysing our data using the multi-shell reverse Monte Carlo approach. In Figure 

3a the scattering curves of SANS measurements of the D7-pNNPAM shell with the matched H-pNIPMAM 

core are shown for five different temperatures (15, 30, 35, 40, 55 °C, black symbols). The green lines are 

the best-fitting scattering curves calculated with the multi-shell RMC model. The agreement with the data 

is satisfying: the intensity level, the Guinier domain, the oscillation and the high-q intensity are described 
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correctly. The latter correspond to the scattering of either the chains in the swollen state, which is described 

by a low fractal chain dimension, resp. power law exponent, or of the surface of the collapsed particles at 

high temperature, with Porod-like decays. The exponents are reported in Tables S1 and S2 in the SI. Figure 

3b shows the corresponding shell density profiles. 

 

Figure 3: H-pNIPMAM core with D7-pNNPAM shell with a CCC of 10 mol% (a): I(q) vs. q of SANS measurements 

with a H2O/D2O that matches the core. (b): Calculated monomer density profile of the pNNPAM shell from the SANS 

data in a). 

 

The density profiles of the D7-pNNPAM shell monomers in Figure 3b show a high volume fraction in the 

particle centre for all temperatures, up to ca. 70 % at the highest temperature. Whatever the temperature, the 

profiles show a weak increase or constant density up to a drop located at a radius of ca. 26 nm. Then the 

density reaches a low value around 10 %, and eventually vanishes above ca. 50 nm. This drop in shell 

monomer density is roughly located at the interface of the fully collapsed “core-only” particle (i.e. before 

synthesis of the shell). This indicates that before the shell synthesis is started at 70 °C, the shell NNPAM 

monomers are highly enriched in the collapsed pNIPMAM-core, and the polymerization of the shell takes 

place predominantly in the core, and to a lesser degree on its surface. Consequently, at 55 °C the shell 

monomer profile has an extent of ca. 26 nm and is located inside the core plotted in Figure 2b. A striking 

feature of Figure 3b is that the density profiles are quite similar for all temperatures from 55 °C down to 

30 °C, i.e. below the transition temperature of the core monomers (45 °C): when the core tends to swell 

below its transition temperature of 45 °C, the density of shell monomers in the centre is hardly affected. The 

structure created by the still insoluble shell monomers thus acts as an internal, rigid skeleton at intermediate 

temperatures.  Moreover, shell monomers also form a plateau of constant density around r = 30-45 nm. Only 

at the lowest temperature, below the shell transition at ca. 23 °C, the shell monomer density in the centre is 
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lowered, and water is taken up, accompanied by a significant increase in the plateau region beyond 25 nm. 

Finally, the microgel system is in the fully swollen state.  

The linear swelling of pNIPMAM-pNNPAM “Core-Shell” particles can be tuned by the degree of 

cross-linking in the pNIPMAM-core.27,36 Hence, we performed SANS measurements on a CCC series at 

high temperature in order to grasp the initial (post-synthesis) density profiles governing the swelling. Note 

that the BIS concentration for the shell synthesis was set constant to 1.9 mol%. The intensity curves are 

shown in Figure 4a, and the corresponding shell monomer density profiles are plotted in Figure 4b. 

 

Figure 4: H-pNIPMAM core with D7-pNNPAM shell with different CCC (5, 10, 15 mol%) at 55 °C. (a): I(q) vs. q 

of SANS measurements with a H2O/D2O that matches the core. (b): Calculated monomer density profile of the 

pNNPAM shell from the SANS data in a). 

All three density profiles in Figure 4b have a roughly similar shape: a high volume fraction of shell 

monomers in the centre, followed by a drop around 26 nm, followed by a weak (ca.10 %) shell monomer 

density up to 40 nm. The reverse Monte-Carlo simulations have been tested for robustness, and consistently 

predict a higher density in the centre for a CCC of 10 mol%, and the presence of a “true” shell for both 

lower and higher CCC, necessarily due to shell monomer mass conservation. The resulting steeper interface 

for 10 mol% consistently leads to a Porod-like slope at high-q, which is not the case for the other crosslinking 

densities (see Tables S1 and S2 in the SI). Although we do not have any explanation for this non monotonic 

behaviour, it is thus confirmed by the high-q behaviour independently of our model. 

Combining the results of the SANS measurements under different contrast conditions of the same microgel 

particles – modifying only the H2O/D2O solvent composition –, we can now compare the volume fraction 

profiles of the core and the shell monomers. They are presented in Figure 5 for 15 °C, 35 °C, and 55 °C.  
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Figure 5: Density profiles of a pNIPMAM core (black line, data adapted from Cors et al.,46 a D7-pNNPAM ”shell“ 

(red line) and water (blue line) at a) 55 °C, b) 35 °C, and c) 15 °C. The insets represent the ratio of the shell to the core 

monomer density as a function of radius.  

As recognized already when discussing the Guinier domain shown in Figure 2a, many shell monomers are 

indeed located within the core at all temperatures. This induces a swelling of the core with respect to the 

size of the “core-only” particle, and changes the steepness of the interface. The resulting volume fraction of 

water is around 20 % in the core at the highest temperature, and increases up to 60-70 % for the fully swollen 

microgel. Due to the spherical symmetry, the representation in Figure 5 does not highlight the real monomer 

quantities at a distance r, and a r2Φ plot is shown in the SI for comparison (Figure S3). It then clearly appears 

that at high temperature the core swollen by shell monomers is also covered by a shell highly enriched in 

pNNPAM. At intermediate temperatures (35 °C), the core starts to swell, but it is hindered by the 

interpenetrated network of shell monomers. As a result, the size of the interpenetrating core polymer 

(pNNPAM and pNIPMAM) increases somewhat but less than a pure pNIPMAM core, ‘pushing’ the pure 

shell monomers at its surface and thus forming a still insoluble pNNPAM shell around the core. It is thus 

the conjunction of the insoluble interpenetrated network of shell monomers, and the formation of a “true” 

shell, which seems to hinder the swelling and to generate the progressive linear swelling response found in 

our previous works.27,36 

In previous work, we have used a combination of measurements on different particles under different 

contrast conditions, under the assumption of identical structures and sizes, in order to estimate the shell 

monomer profile46. We have measured the density profiles of pNIPMAM-pNNPAM core-shell microgels 

with H-core and H-shell, and of a H-core with a contrast matched D7-shell. From these measurements on 

different particles we calculated the estimated density profile of the D7-shell. The comparison with the 

unambiguous measurement provided here is given in Figure 6, clearly emphasizing the necessity of the 

present approach.  
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Figure 6: Core and shell density profiles of a H-pNIPMAM core with a D7-pNNPAM shell. The data of the “Estimated 

shell” are adapted from Cors et al.46 and the “Measured shell” profiles are the results from the present article. 

The available detail on local monomer concentrations can also be used to forward a more molecular 

interpretation of linear swelling. Indeed, the ratio of the monomer densities plotted in the insets of Figure 5 

illustrates the existence of zones of different composition. In case of statistical copolymer microgels the 

transition temperature was found to depend linearly on the comonomer composition. In analogy with such 

statistical copolymer microgels,58 one can assume an effective transition temperature given by some 

weighted average of the two polymers, leading to a gradient in transition temperatures. Quite 

counterintuitively, the swelling of the core induces a fuzzier interface and higher density of core monomers 

at the periphery of the core, which would thus swell first, followed at lower temperatures by the main part 

of the core. In the swollen state at 15 °C, finally, the core and the shell monomers have low monomer 

densities across the entire particle (below 20 %) and approximately the same extent of ca. 55 nm. 

 

Conclusion 

Our contrast-matching SANS experiments have provided direct access to the radial density profile of the 

shell monomers in core-shell microgels, proving a surprising non classical spatial distribution of the latter 

within the microgel particle. This has been suspected in previous work,46 where the profile was estimated 

using severe assumptions of identical synthesis in presence and absence of deuteration. The present 

approach on a single partially contrast-matched particle shows the limitations caused by these assumptions, 

and confirms the presence of a strongly interpenetrated network in the centre of the particle. 

Our main result is thus that, instead of an external “corset” effect as previously assumed by Zeiser et al.,27 

the shell monomers build up both a small external shell and an internal skeleton with a density gradient (as 
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demonstrated by the non constant ratios in the insets of Figure 5) which hinders the immediate swelling of 

the entire core. Indeed, a homogeneous mixture of core and shell monomers throughout the particle would 

lead to a single swelling step, whereas zones of different composition would respond at different 

temperatures. Although a mechanical model of the resulting microgel particle is out of reach for the present 

article, one may conjecture that this interpenetrated structure of varying local concentration causes the 

progressive linear swelling between the transition temperatures of the two monomers. Presumably the linear 

swelling response is thus related to a particular form of the monomer profiles. One may also suspect that 

the latter depends on the size of the core and possibly on the thickness of the shell layer. This would be the 

case, e.g., in presence of a finite penetration depth of the shell into the core. Then the degree of 

interpenetration would be controlled by the ratio of this depth to the core radius. In the future thus we aim 

at a better control of the interpenetration of the shell monomer into the core, either by varying synthesis 

parameters, or by exploring the effect of microgel size and shell thickness. The form-free multi-shell model 

combined with contrast-matching will be a valuable tool in this endeavour, as density profiles of all 

constituents are readily obtained. This approach might allow to engineer the properties of such core-shell 

microgels in a different way compared to the present synthesis. Moreover, it remains to be studied whether 

the observed behaviour is a peculiarity of these specific monomers, or if it is also occurring with other 

acrylamides when used in a two-step synthesis of core-shell particles. 
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