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Abstract 

We study the swelling and shrinking behavior of core-shell microgels adsorbed on silicon wafers. In 

these systems, the core is made of cross-linked poly(N-isopropylmethacrylamide) and the shell consists 

of cross-linked poly(N-n-propylacrylamide). In suspension, these particles exhibit an extended linear 

swelling behavior in the temperature interval between the lower critical solution temperatures of the two 

polymers. Using ellipsometry and AFM, we show that this linear response is also observed in the 

adsorbed state. 
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Introduction 

Acrylamide-based microgels are colloidal particles comprising a gel network of solvated polymer 

chains.1 As a function of external stimuli, and in particular temperature, these particles show a reversible 

shrinking and swelling behavior granting them the name “smart microgels”.2–5 The most prominent 

examples are microgels based on poly(N-isopropylacrylamide) (pNIPAM)6,7, which have a volume 

phase transition temperature of ca. 32–33 °C in water, corresponding to the lower critical solution 

temperature (LCST) in the phase diagram.8 However, also other monomers lead to the formation of 

microgels with thermo-responsive behavior, with various phase transition temperatures.9–14 By 

copolymerizing them statistically, the phase transition temperature can be tuned.11,15–20 Moreover, by 

designing complex particle architectures4,21–30, i.e. microgel particles with compartments of different 

monomeric composition or composition gradients, particle properties are expected to be varied, and 

stimuli-response controlled. Furthermore, also the properties of single adsorbed microgels and of 

microgel coatings have been studied.31–39 A core-shell architecture, where the core and the shell have a 

different phase transition temperature is particularly promising. Zeiser et al. have recently shown that 

for core-shell particles with a shell of smaller LCST than the core, a qualitatively different bulk swelling 

behavior is present, including a linear swelling over a broad range of temperatures.26 

 

Beside the scientific interest in this volume phase transition, growing attention arises from potential 

applications of these materials. Prominent examples are their use as surface coatings for smart 

cultivation of vertebrate cells and as etalons.34,40–43 In this context, using different particle architectures 

might be advantageous, as it would allow making use of progressive swelling/shrinking as a function of 

temperature, as opposed to a sudden collapse. However, it remains to be shown that core-shell microgels 

made of poly(N-isopropylmethacrylamide) (pNIPMAM) and poly(N-n-propylacrylamide) (pNNPAM) 

still exhibit a linear swelling response in the adsorbed state. Hence, in this article, we focus on core-

shell microgels made of a large pNIPMAM core having a high LCST of 44°C, surrounded by a shell of 

pNNPAM having an inferior LCST of 21°C, similar in architecture to those described by Zeiser et al26. 

The magnitude of the response of these core-shell microgels is mainly controlled by the cross-linker 

content of the core if the shell composition is chosen to be constant. Therefore, in this work we 

systematically vary the core crosslinker content (CCC) of the pNIPMAM cores. Both the swelling 

properties of the cores and of the core-shell microgel particles are studied in suspension by photon 

correlation spectroscopy (PCS) first. Then the particles are deposited on a silicon wafer by spin-coating, 

and the thickness of the layer and individual height profiles are studied by AFM and ellipsometry in the 

dry state, followed by an investigation of the swelling properties when the layers are covered with water. 
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Experimental Section 

Synthesis: The core monomer N-isopropylmethacrylamide (NIPMAM, purity > 97 %), the initiator 

ammonium peroxodisulfate (APS, >98 %), the crosslinker N,N’-methylenebisacrylamide (BIS, 99 %), 

the ionic surfactant sodium dodecyl sulfate (SDS, >99 %) were purchased from Sigma-Aldrich and used 

as received. The shell monomer N-n-propylacrylamide was synthesized following a classical Schotten-

Baumann reaction described by Hirano et al.44, using acryloyl chloride (97 %, Aldrich, USA), 

triethylamine (99 %, Grüssing, Germany), propylamine (99 %, Fluka, USA) and methylene chloride (p. 

A.) as solvent. For the synthesis of pNIPMAM cores with different crosslinker contents, a 250 mL three-

necked flask under gentle nitrogen flow with a mechanical stirrer on the top opening is used. This flask 

was placed in a heating oil bath with magnetic stirrer. The two side openings were equipped with a 

septum with a cannula as nitrogen inlet and a reflux condenser with bubble counter, respectively. The 

crosslinker contents, SDS concentration and radical starter specified as mol% with respect to the amount 

of monomer are listed in Table 1 for all samples. The crosslinker was dissolved in water (140 mL) first 

and subsequently heated to 70 °C. Its concentration in the core is given as CCC (core crosslinker content) 

throughout this article. After purging the solution for 1 h with nitrogen the monomer followed by 

surfactant was added as powder and after 5 minutes the reaction was initiated by injecting 1 mL of an 

aqueous solution of the radical starter. After rinsing the neck of the flask and initiation the volume was 

150 mL. The total reaction took 5 h, followed by continued stirring at room temperature overnight, and 

purification. The purification was done at room temperature by centrifugation at 48,384 g for 45 minutes, 

decantation of the supernatant and redispersion of the precipitate with water. The redispersion was dome 

with a vortexer (MS 3 basic, IKA-Werke GmbH & CO. KG, Staufen, Germany) for typically 1 minute 

at maximum speed. This procedure was repeated five times. Shell synthesis was done with a similar 

protocol, also at high temperature and thus in the collapsed state, in the same setup with a 100 mL flask, 

by precipitating NNPAM on previously synthesized and purified pNIPMAM cores resulting in a 

pNIPMAM-core pNNPAM-shell microgel system. The total suspension volume was 50 mL. The shell 

had always the same nominal composition. The amount of crosslinker BIS was 1.90 mol% with respect 

to the NNPAM feed and the added amount of the core was 0.15 wt% with respect to the solvent. The 

concentration of SDS was 1.1 mmol per Liter (2.75 mol%). The core-shell particles were again purified 

by the same purification procedure as the core particles. 

 

Table 1: pNIPMAM-core crosslinker (BIS) content. Constant amounts of pNIPMAM (12.4 mmol, 
1.5628 g ± 0.0004 g), SDS (3 mol%, 1.0730 g ± 0.0010 g) and radical starter (3.3 mol%, 0.0924 g ± 0.0001 g) 
were used.  
 

BIS / mol% BIS / g 

 5.00 0.0947 

 7.50 0.1421 
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 10.00 0.1894 

 12.50 0.2368 

 15.00 0.2841 

 

 

The resulting molecular architecture is depicted in Scheme 1.  

 

Scheme 1: Core-shell architecture obtained by precipitating and cross-linking of NNPAM (red) on the pNIPMAM 

core (black). The collapsed core particles are used as seeds in the precipitation polymerization of pNNPAM. The 

shell synthesis is done at 70 °C, which is largely above both LCSTs of the two polymers. 

 

Photon correlation spectroscopy (PCS): PCS experiments were performed using two different setups. 

Angular dependent PCS experiments were done using a classical goniometer setup (ALV GmbH, 

Langen, Germany) equipped with an Ar+-ion laser (Stabilite 2017, Spectra Physics, Santa Clara, USA) 

emitting at 514.5 nm. The sample was placed in a decalin matching bath kept at constant temperature 

using a thermostat (Haake DC50, Thermo Fisher Scientific, Waltham, USA). The scattered light was 

analyzed using a multiple τ hardware correlator (ALV 5000 Fast, ALV GmbH, Langen, Germany). The 

obtained correlation functions were analyzed using numerical Laplace inversion by means of CONTIN 
45,46. This method provides the intensity-weighted relaxation rate Γ of the observed dynamics in the 

sample. For pure diffusional modes the dispersion Γ ~ q2 is expected and the diffusion coefficient can 

be obtained from the corresponding plot. The expected dispersion is found for both the core and for the 

core-shell particles. Hence, the temperature-dependent measurements were performed at a fixed angle 

of = 60 ° in a partly home-made setup. The PCS-setup had a He-Ne laser (HNL210L-EC, 632.8 nm, 

Thorlabs, Newton, USA) as light source, a multiple tau digital correlator (ALV-6010, ALV GmbH, 

Langen, Germany) and a detector (SO-SIPD, ALV GmbH, Langen, Germany). The sample was placed 

in a decalin matching bath. For temperature control a refrigerated bath (Haake C25P, Thermo Fisher 

Scientific, Waltham, USA) with a controller (Phoenix II, Thermo Fisher Scientific, Waltham, USA) was 

used. 
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Spin coating: Microgel monolayers on silicon wafers (Sigert Wafer, diameter = 50.8 mm, Aachen, 

Germany) were obtained by spin coating (LabSpin6, SÜSS micro Tec, Garching, Germany), after 

plasma cleaning (Zepto B, Diener Electronics, Ebhausen, Germany) with an O2-plasma for 15 min at 

100 W. The calculated arithmetical mean deviation roughness as well as the root mean square roughness 

was below 1nm. For microgel layers with a high surface coverage first, a dilute purified microgel 

dispersion (0.5 wt%) was put on the whole silicon wafer for 45 min, followed by spinning for 300 s at 

a rotation speed of 1000 rpm. For well-separated microgel particles the same procedure was used without 

waiting 45 min before spinning the wafer. 

Ellipsometry: For ellipsometry measurements a single-wavelength ellipsometer (SE 400adv, 

SENTECH Instruments GmbH, Berlin, Germany) was used. The method of ellipsometry was described 

elsewhere.47,48 Temperature control and liquid cell are custom-made products from SENTECH. The 

accessible temperature range was 15 °C to 55 °C. The measurements and modeling were done with the 

software “SE400advanced” from SENTECH. For modeling, a first guess of the microgel layer thickness 

was used based on the layer thickness determined by AFM measurements, and the initial refractive index 

was estimated based on literature to 1.35.31 Ellipsometry was already used to characterize the swelling 

behavior of adsorbed microgels in our previous work from Schmidt et al.31 and in literature.49 

AFM: AFM measurements were performed on a FlexAFM (Nanosurf AG, Liestal, Switzerland) with 

an Easyscan 2 controller (Nanosurf AG, Liestal, Switzerland). To avoid background vibrations, the 

AFM was placed on a sample stage (Flex, Nanosurf AG) on top of a marble plate which lies on tennis 

balls. All measurements where performed in tapping (“Phase Contrast”) mode. We used standard silicon 

cantilevers with 30 nm aluminum reflex coating from BudgetSensors® (Tap300Al-G, BudgetSensors®, 

Sofia, Bulgaria). The cantilevers had a force constant of 40 N/m and a resonance frequency of 

approximately 290 kHz. The scan rate was between 1 Hz and 0.33 Hz with 256 or 512 points per line. 

The setpoint was 55 % of the maximal deflection and the free vibration amplitude was approximately 

200 mV. 

The thickness of the dry microgel monolayer was determined as the average height over an area of 

25 µm2 using the software of the AFM (Nanosurf Easyscan 2, Nanosurf AG, Liestal, Swiss). For 

investigation of the individual height profiles of single microgels, we analyzed the recorded raw data 

with the open source data evaluation program for scanning probe microscopy Gwyddion.50 After 

background correction we extracted the profile of at least 20 microgels and calculated the mean profile. 

Determination of the amount of water of dried microgels: The water content of dried microgels can 

be determined by Karl-Fischer titration.51 The measurements were done using a Karl-Fischer coulometer 

(684 KF Coulometer, Metrohm AG, Herisau, Swiss). The titration solution was CombiCoulomat fritless 

(Meck KGaA, Darmstadt, Germany). The microgels were dried for 24 h at 70 °C in a drying oven (U30, 

Memmert GmbH + Co. KG, Schwabach, W - Germany) and after storing them for 24 h at ambient they 
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were dissolved in methanol (Methanol AnalaR NORMAPUR® ACS, Reag. Ph. Eur. zur Analyse, VWR 

International, Radnor, USA) resulting in a solution of 1 wt%. The measurements was done with a sample 

volume of 100 µL. The water content of the solvent was measured and subtracted. 

 

Results and Discussion 

After microgel synthesis, the particles have been characterized in aqueous suspension first. Then they 

have been deposited on silicon wafers by spin-coating, and their swelling properties in the dry and wet 

state have been investigated by ellipsometry. Moreover, AFM has been used to measure the height 

profile of individual dry microgel particles. 

Synthesis and properties in suspension 

The microgel cores were produced following the synthesis protocol outlined in Section 2 and the 

parameters are summarized in Table 1. The key parameter is the core crosslinker content (CCC), which 

allows fine tuning of the global swelling properties of the core-shell particles in suspension.26 We have 

first checked that the cores alone have the expected swelling properties of pNIPMAM, see Supporting 

Information Figure S1 for details. Then, we have measured the hydrodynamic radius RH as a function 

of temperature of the series of core-shell microgels by PCS. These results are shown in Figure 1. They 

agree nicely with previous findings by Zeiser et al26 and thereby validate the synthesis.  

  
Figure 1: Swelling curves of core-shell microgels as a function of temperature with different core crosslinker 
contents (CCC) (5.0 mol% CCC (□), 7.5 mol% CCC (○), 10.0 mol% CCC (△), 12.5 mol% CCC (▽) and 
15.0 mol% CCC (◇)). a) Hydrodynamic radius RH. The linear swelling zone is indicated by the vertical dashes. 
An example of the error of PCS data estimated to be 5% is indicated. b) Same data normalized with respect to the 
high-temperature average (T = 45 C° – 50 °C) of the hydrodynamic radius RH

min. Inset: Zoom of the linear region. 

 

The original swelling curves shown in Figure 1a display the hydrodynamic radius RH as a function of 

temperature, for microgel suspensions of various CCC as given in the legend. Three swelling regimes 
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are found. Below T = 20 °C, the entire particles are swollen, and the total hydrodynamic radius is 

typically greater than 200 nm. Note that due to the different formulations with the various crosslinker 

concentrations, the total swollen sizes of the core-shell microgels are not identical. At the VPTT of 

pNNPAM (23 °C), the system starts to collapse, resulting in a size transition step. The region of interest 

in the intermediate temperature range, between 23 °C and 44 °C, shows a swelling behavior where RH 

changes linearly with temperature. Instead of some average transition temperature with a steep collapse, 

the swelling extends thus over the entire temperature range. At high temperature, finally, both core and 

shell are collapsed. A second size transition step at the VPTT of pNIPMAM (44 °C) does not occur 

because the particle size is already compressed to the range of the collapsed core (compare Figure S1). 

As the microgels do not have the same size from the start, it is instructive to normalize the size by the 

collapsed radius RH
min taken as the high-temperature average (T = 45 – 50 °C). The result, RH/RH

min, is 

shown in Figure 1b, where the high temperature regime now superimposes by construction. This 

representation illustrates that the swelling is higher for the samples with lower CCC. The slope in the 

linear regime connecting the collapsed and the swollen state can therefore be tuned by the core 

crosslinker content.  

A zoom of the linear region is given in the inset of Figure 1b for different crosslinker concentrations. 

The relative value of the slope is found to decrease from 2.25 %/°C to 1.22 %/°C, with reasonable 

accuracy (± 0.06 %). These values are in line with the total relative decrease of about 30 % in radius, 

over a temperature range of some 15 degrees. The change in slope corresponds to a diminished 

sensitivity of swelling to temperature by a factor of 1.8, when the CCC is changed from 5 to 15 mol%.  

Finally, the swelling is sometimes expressed in terms of volume change which is given by (RH/RH
min)3. 

This leads to a qualitatively similar figure as Figure 1b, with the linear domain slightly curved, and the 

low-temperature values giving the maximum volumetric swelling. In our case, the maximum swelling 

varies from about six to eight with CCC.  

 

Spin coating and characterization of dry surfaces 

Well-separated core-shell microgel particles have been deposited by spin coating on silicon wafers, and 

studied by AFM. The height profiles of individual particles in the dry state can be determined by image 

treatment of the AFM results, and averaged over several particles, typically 20. In the SI (Figure S3), 

sample measurements are shown for illustration.  
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Figure 2: a) Average height profiles for dry core-shell microgels determined from AFM height scans, for different 

core crosslinker contents as indicated in the legend. b) Schematic drawing of a microgel in suspension and an 

adsorbed microgel. 

In Figure 2a, the average height profiles for microgels with different CCC are shown. One should pay 

attention to the different X- and Z-scales: all microgel particles are squeezed and adopt a rather flat, 

pancake-like shape. With increasing CCC, the particles become less flat: an increase in CCC by a factor 

of three from 5 to 15 mol% results in an increase in height by a factor of three as well, but even particles 

with the highest degree of crosslinking have an aspect ratio of ca. four. Figure 2b shows a schematic 

drawing of an adsorbed microgel particle. The total volume of these pancakes can be determined by 

integration, i.e. adding up the volume of hollow cylinders delimited by the height profile. If this volume 

is taken as the microgel volume (with water) then the total polymer volume (without water) can be 

determined by subtraction of the volume of the water present in the “dry” sample, determined by Karl-

Fischer-Titration. Then the water contents can be determined by comparing the polymer volume 

(without water) to the swollen (low-T) volume in water estimated from PCS. The calculated volumes 

are given in Table 2. From the ratio of the swollen to the dry volume, a water content of ca. 75-95 % in 

the swollen state can be deduced. This is approximately four times higher compared to the water content 

of dried microgels (ΦH2O,dry) of about 20 % residual water. The water content in the dried state was 

determined by Karl-Fischer-Titration.  

Table 2: Volume of dry core-shell microgels estimated with the average height profiles determined by AFM 
(Figure 3), comparison to volumes in suspension (PCS), estimated water fractions in suspension, in the swollen 
state (ΦH2O,sw) and measured water contents in the dried state (ΦH2O,dry) by Karl-Fischer-Titration for different 
core crosslinker contents (CCC). 

Core crosslinker content / mol%  Vdry. / nm3 Vcollapsed / nm3 Vswollen / nm3 ΦH2O,dry  ΦH2O, sw  

5 1.19·107 5.13·106 3.88·107 18 % 74 % 

7.5 3.61·106 6.71·106 4.46·107 17 % 93 % 

10 4.84·106 8.58·106 5.44·107 22 % 93 % 
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12.5 9.17·106 5.42·106 3.88·107 19 % 80 % 

15 7.66 ·106 1.15·107 6.95·107 22 % 91% 

 

As a next step, successful deposition of microgel particles with a high surface coverage was obtained 

by spin coating on silicon wafers, following the protocol given in Section 2. The optimization of system 

parameters, and in particular the introduction of a waiting time of 45 minutes before spinning, as well 

as the appropriate concentration, were essential to promote the formation of homogeneous layers. In 

Figure 3, an AFM height profile scan over a lateral size of 5 µm of a dry microgel particle layer at room 

temperature (22±1 °C) is presented. It shows that the core-shell particles cover the surface, forming a 

dense monolayer. The mean height of an area of 25 µm2 was determined and is given in Table 3. To 

verify homogeneity of the surface coating, different magnitudes up to an image with 50 µm lateral size 

are shown in the SI (Figure S2). 

 

 

 

Figure 3: Zoom of an AFM height scan of a monolayer of dried core-shell microgels with 5 mol% core crosslinker 
content. The lateral image size is 5 µm and the average height is 30.8 nm. 

 

Given that the geometry in Figure 3 is not a laterally homogeneous flat layer due to the density 

fluctuations caused by the array of squeezed spherical microgel particles and the presence of holes, the 

average thickness of the dry layers determined by AFM has been confirmed by ellipsometry. The 

ellipsometry measurements yielded also the refractive index of the microgel particles. Both thickness 

measurements are compared in Table 3. 

Table 3: Thickness of dried layers of core-shell microgel particles deposited on a wafer, measured by AFM and 

ellipsometry. The thickness was deduced by the mean thickness of an area of 25 µm2 for AFM and ca. 1 mm2 for 

ellipsometry. The refractive index was determined by ellipsometry. The error of thicknesses determined by AFM 

is estimated to be 5 % based on multiple measurements. 
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Core crosslinker 
content (mol%)  

Thickness AFM 
(nm) 

Thickness by 
ellipsometry (nm) 

Refractive index 
by ellipsometry 

5 30.8 36.0±0.8 1.48±0.02 
7.5 46.8 41.1±0.9 1.51±0.02 
10 59.6 51.8±1.2 1.50±0.02 

12.5 71.8 56.0±1.2 1.49±0.02 
15 74.5 64.0±1.4 1.46±0.01 

 

The general tendency of increase in thickness with CCC is well captured by both methods, and the 

results agree at least semi-quantitatively. The difference in thickness determined by AFM and 

ellipsometry may be due to surface roughness. While AFM measures the detailed topography of the 

microgel surface, and average height can be easily computed, single wavelength ellipsometry averages 

over the layer. Then surface roughness like the one due to the individual microgel particles contributes, 

and may result in an inaccuracy in thickness.52 

 

Comparison of swelling in water at surfaces and in bulk suspension 

The thicknesses in water of the core-shell microgel layers obtained by spin coating on silicon wafers 

have also been assessed with ellipsometry. The raw results are plotted as a function of temperature in 

Figure 4a, for three different CCC as given in the legend. At low temperature, the total thicknesses are 

a bit smaller than twice the hydrodynamic radii in suspension (cf. Figure 1a), which can be understood 

from the probable fuzzy nature of the particle surface, not dense enough to be picked up by ellipsometry. 

Moreover, particles are probably slightly deformed upon contact with the wafer. The ellipsometric 

thickness is found to be about 70% to 85% of the hydrodynamic diameter, which seems to be compatible 

with such a scenario. Furthermore, as the initial microgel particles differ in size due to the varying 

compositions, their thicknesses d is normalized to the unswollen, high-temperature (45 °C – 50 °C) 

thickness dmin in Figure 4b, in analogy to Figure 1b.  

  
Figure 4: Ellipsometric measurements in water of the a) layer thickness d of core-shell microgels deposited on a 
silicon wafer, for different core crosslinker contents as indicated in the legend, as a function of temperature. In b), 
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the curves are normalized to the high temperature average (45-50 °C) dmin, allowing a comparison of the swelling 
properties. The data clearly reveal the linear change in thickness of these layers. The inset shows a zoom of the 
linear region with the respective linear fits. 

The main result shown in Figure 4 is the similarity of the swelling behavior in the adsorbed state 

compared to results found in suspension. In the intermediate T-range from 25 °C to 37 °C the layer 

thickness changes linearly. The resulting slopes are again found to depend on the CCC, and are reported 

in the inset of Figure 4b. They vary approximately by a factor 1.3, as the crosslinker content is increased 

from 5 to 15mol%. This agrees qualitatively with the results in suspension, where, however, a larger 

variation by a factor of 1.8 was found. The change in swelling is thus reduced, which might be due to a 

hindered swelling of particles due to van der Waals interactions with the surface. 

In order to pursue the comparison between surface and bulk swelling properties in water, the 

corresponding normalized swelling curves obtained either by PCS (bulk) or ellipsometry (surface) are 

plotted for three different CCCs in Figure 5. As the curves are normalized to the high-temperature 

minimum hydrodynamic radius RH
min and ellipsometric thickness dmin, respectively, they are naturally 

identical in the high-T range. In the intermediate-T range, where the linear swelling laws are observed, 

they superimpose almost equally well for all CCC. Again the above discussed lower change in slope of 

the adsorbed particles (Ellipsometry) compared to the particles in suspension (PCS) is observed, 

resulting in a small change from Fig 5a to 5c of the slope of the particles in suspension with respect to 

slope of the adsorbed ones. The evolution of the slopes with CCC has already been discussed with Figure 

1 for bulk microgel particles: higher CCC leads to lower swelling. At the lowest temperatures, finally, 

the flattening and hindrance due to adsorption leads to the abovementioned reduced size of deposited 

microgels with respect to the freely suspended ones. Altogether, Figure 5 provides convincing evidence 

that free microgel particles in suspension and those adsorbed on wafers present the same linear swelling 

behavior, independently of the crosslinker content of the core.  
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Figure 5: Swelling curves of hydrodynamic radius RH or ellipsometric thickness d normalized to their high-
temperature average (45 °C – 50 °C) of core-shell microgel particles in bulk (PCS, RH/RH

min) and on surfaces 
(ellipsometry, d/dmin), for different core crosslinker contents a) 5 mol% CCC b) 10 mol% CCC c) 15 mol% CCC). 

 

Summary and Conclusion 

In the present contribution, we have prepared surface coatings using core-shell microgels with core and 

shell made of two distinct polymers with a significant contrast in LCST (ΔLCST = 23 °C). The shell 

has the inferior LCST, thus it shrinks first as temperature is increased, and compresses the core. 

Inversely, starting from the high synthesis temperature and decreasing T, the core tends to swell first, 

but is hindered by the still collapsed shell, which leads to a peculiar – linear – swelling behavior. The 

slope of the evolution of the radius with temperature has been successfully correlated with the 

crosslinker density of the core: softer, less crosslinked cores have a stronger response. We have then 

deposited the microgel particles by spin-coating. The key result of this article is that the same particles 

respond also in a linear manner in size to temperature changes when they are adsorbed to a hard surface. 

In particular, we have shown by combinations of PCS, ellipsometry and AFM, that an extended linear 

behavior very similar to the one of the respective suspended particles persists, with a convincing overlap 

of the linear regions when expressed as relative swelling. Moreover, the average shape of individually 

adsorbed dry microgel particles has been measured by AFM. The total particle height could again be 

correlated with the core crosslinker density, the weaker microgels being flatter. The CCC is thus again 

shown to be the most important system parameter. Moreover, a volume analysis using the AFM height 

profiles allows an estimation of the average dry volume, and thus of the water content in suspension, in 

both the swollen and the collapsed state.  

Such layers with a linear change in thickness might allow to tune, e. g., the interaction with vertebrate 

cells. Such a behavior might be of special interest in the context of stem cell differentiation since it can 

be expected that the Young modulus of the layers changes linearly and can be adjusted by the correct 

choice of the temperature. Moreover, such layers are certainly advantageous in microgel based etalons 
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53,54. As a promising perspective, one may explore the system where the LCST contrast is inverted. As 

the temperature is increased in such an inverse system, the core made of pNNPAM shrinks first (above 

22°C), while the shell made of pNIPMAM is still in good solvent conditions. Such as system is expected 

to show completely different swelling curves, as well as modified mechanical properties. 
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PCS measurements of used PNIPMAM-cores, AFM images with different magnitudes and a sample 
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