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Contrast variation

Two pNNPAM microgel systems (CCC = 1.9 mol%, same as for the shell) have been purpose-synthesized
for contrast variation using H.O/D,O. The scattering length density (SLD) of the effective partially
deuterated D7-pNNPAM microgel including the cross-linker was determined to be 5.54-10%° cm™ (see
Figure S1), resulting in a density of 1.24 g cm* based on the theoretical value of 4.47-10%° cm at a density
of 1.00 g cm™. The contrast variation of H-pNNPAM revealed a SLD of 1.05-10'° cm™ and is displayed in
Figure S2.

The g-values of the contrast variation of D7-pNNPAM in Figure Sla are from black squares to brown right
facing triangles: (0.005, 0.00625, 0.00816, 0.01005, 0.01192, 0.0138, 0.0157) A and the g-values of
H-pNNPAM in Figure S2a are (0.00436, 0.00624, 0.00814, 0.01002, 0.01189, 0.01377, 0.01567) A™. They
are chosen to be all in the low-q range. The identical match-point in Figure Sla and S2a for different g-
values can be seen as an extrapolation (of a constant) to g — 0 as done in classical contrast variation. The
superposition in Figure S1c and S2c¢ indicates that the polymer chains are the only source of contrast in these

experiments, and the contrast variation gives identical results on all measurable scales.
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Figure S1: Contrast variation of D7-pNNPAM microgels with a CCC of 10 mol%. (a) Plotted is the sign corrected
square root of the coherent intensities vs. the SLD of the solvent varied from pure H»O to pure D,O (-0.561, 1.173,
2.907,4.641, 6.375) - 101° cm™ for seven g-values ((0.005, 0.00625, 0.00816, 0.01005, 0.01192, 0.0138, 0.0157) - A™%).
The dashed line indicates the match point of 5.54 - 10'° cm™. (b) Scattering functions from the contrast variation. (c)
Contrast scaled scattering functions.
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Figure S2: Contrast variation of H-pNNPAM microgels with a CCC of 10 mol%. (a) Sign-corrected square root of
the coherent intensities vs. the SLD of the solvent varied from pure H,O to pure D,O (-0.561, 1.173, 2.907, 4.641,
6.375) - 10%° cm2 for seven g-values ((0.00436, 0.00624, 0.00814, 0.01002, 0.01189, 0.01377, 0.01567) - A1). The
dashed line indicates the match point of 1.05 - 10%° c¢cm. (b) Scattering functions from the contrast variation. (c)
Contrast-scaled scattering functions.



Effect of the CCC on pNIPMAM-pNNPAM microgels

The effect of the CCC on the density profiles of H-pNIPMAM-H-pNNPAM microgels at 55 °C is discussed
in the main article. Here, we present the experimental SANS data (Figure S3a and S4a) and the density
profiles (Figure S3b and S4b), respectively.
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Figure S3: H-pNIPMAM core with H-pNNPAM shell with 5 mol% CCC at different temperatures. (a) intensity
shifted scattering curves from SANS experiments. (b) Revealed monomer density profiles by a RMC analysis.
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Figure S4: H-pNIPMAM core with H-pNNPAM shell with 15 mol% CCC at different temperatures. (a) intensity
shifted scattering curves from SANS experiments. (b) Revealed monomer density profiles by a RMC analysis.



Particle mass determination by analysing the structure factor peak

Calculating the number of monomers in one microgel by analysing 1(g—0) reveals a Nmono 0f 160 000

monomers, if monodispersity is assumed.

As a second method, the number of monomers was calculated from the position of the first structure factor
peak. It is found that this leads to a number of pNIPMAM-core monomers Nmono Which is of the same order

of magnitude as the one determined from I(q—0) (factor 1.2).

T/°C | Qmax/ A | Nimono (monodisperse)
15 0.00295 | 198 000
30 0.00285 | 219 000
35 0.00297 | 194 000
40 0.00301 | 186 000
55 0.00299 | 190 000
Average | 0.002954 | 197 000

Table S1: Calculated numbers of monomers of a pNIPMAM microgel from the first structure factor oscillation at
different temperatures.



Comparison of a pNIPMAM core with and without shell

Figure S5 shows the monomer density profiles of H-pNIPMAM cores without shell and with a contrast
matched D7-pNNPAM Shell with 5, 10 and 15 mol% CCC at 55 °C.
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Figure S5: Density profiles of H-pNIPMAM cores without and with contrast matched D7-pNNPAM shell at 55 °C
(a) CCC =5 mol% (b) CCC = 10 mol% (c)CCC =15 mol% .



Figure S6 shows the dependence of the temperature (15°C, 35°C, and 55°C) of a H-pNIPMAM core without
shell and with a contrast matched D7-pNNPAM Shell with a CCC of 10 mol%.
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Figure S6: Density profiles of H-pNIPMAM core without shell (black squares) and with a contrast matched
D7-pNNPAM Shell (red circles) with a CCC of 10 mol%.

Effect of the B-Spline

In a first approach, we have investigated the necessity of smoothing the density profiles using B-splines
(Origin). As shown in the Figure below, this was not needed.

Figure S7 shows the smoothening effect of the B-spline used in Figure 7. The black dashed lines show the
not smoothened density profiles, respectively.

T=55°C
Core-Shell
Core

Shell
Water

- - --no Spline

D 05+

0.0 . AN
0 20 40 60 80

r/nm

Figure S7: Density profiles of a pNIPMAM-pNNPAM microgel system with ca CCC of 10 mol% at 55 °C with
B-spline (colored lines) and the not smoothed data (dashed black lines), respectively.



Angle-dependent PCS
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Figure S8: Angle dependent PCS of a H-pNIPMAM core with H-pNNPAM shell and a CCC of 10 mol%.

Sanity Check of the RMC Algorithm
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Figure S9: Sanity check of the RMC algorithm. With the tested profile and its intensity curve (black), the density
profile at the start of the RMC fit (red) and the density profile at the end of the RMC fit (green). Left: Intensity curves.
Right: density profiles.
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Reversibility check
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Figure S 10: Hydrodynamic radius as a function of the temperature for a heating-cooling-heating-cooling cycle of a
pNIPMAM-pNNPAM core-shell microgel with a CCC of 10 mol%. The measurements were done in H>O. The
equilibration time was 25 minutes after each temperature change. The swelling/de-swelling transition is fully reversible
and no hysteresis is observed.
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RMC Fit without low g data

We applied our RMC algorithm on the same SANS data set with and without the data at very low g where
the structure factor S(q) is relevant. Figure S11 shows that the revealed density profile is the same in both
cases for 15 and 55 °C. Thus the structure factor does not affect the density profiles.
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Figure S11: RMC simulations with and without the SANS data at low g where the structure factor is relevant. Left:
SANS intensity curve with RMC fits. Right: density profiles from the RMC fit.
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Comparison of the RMC fit with a fuzzy sphere fit

The fuzzy sphere model has been shown by us to be fully compatible with the core data from Cors et al.!?
The model, however, is less general than our form-free multi-shell model. Unexpected density profiles like
the ones reported here, with a strong presence of shell polymer in the core, cannot be described with a fuzzy
sphere model without adaptation, whereas this result is directly provided by our RMC analysis.
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Figure S12: SANS intensity curve of a pNIPMAM-pNNPAM core-shell microgel with a matched shell at 55 °C and
a CCC of 10 mol% with a RMC fit and a Fuzzy Sphere fit.
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PCS measurement of a pNIPMAM core with an unpolymerized NNPAM “shell”

We performed PCS measurements of a pNIPMAM core and of the same core under the same conditions as
the shell synthesis (core, shell monomer, cross linker, surfactant concentration but without the cross linker).

The swelling curves are shown in Figure S13.
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Figure S13: PCS measurement of a pNIPMAM core and the same core under shell synthesis conditions (core, shell
monomer, cross linker, surfactant concentration but without the cross linker).
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y*-values of RMC Fits

The y?-values of RMC Fits are listed in the Table below. These y?-values are not absolute as they are
weighted with the errors in intensity for each g-value and are different for each experiment due to merging
procedures of different SANS configurations. Altogether, however, they are comparable within one series
of experiments, and can be used to compare the quality of the fits.

Table S2: y?-values of RMC Fits of the main article.

Figure Fit 1 2-values
55°C | 0.99
Figure 2a | 35°C | 0.37
15°C | 0.13
15% | 0.87
Figure3a | 10% | 0.99
5% 0.94
55°C | 0.70
40°C | 0.21
Figure 4b | 35°C | 0.30
30°C | 0.84
15°C | 0.34
15% | 0.30
Figure 6a | 10% | 0.70
5% | 0.64
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Figure Legend (13 Figures)
Figure S1: Contrast variation of D7-pNNPAM microgels with a CCC of 10 mol%.
Figure S2: Contrast variation of H-pNNPAM microgels with a CCC of 10 mol%.

Figure S3: Intensity curve and density profile of a H-pNIPMAM core with H-pNNPAM shell with 5 mol%
CCC at different temperatures.

Figure S4: Intensity curve and density profile of a H-pNIPMAM core with H-pNNPAM shell with 15 mol%
CCC at different temperatures.

Figure S5: Density profiles of H-pNIPMAM cores without and with contrast matched D7-pNNPAM shell
at different temperatures.

Figure S6: Density profiles of H-pNIPMAM core without and with a contrast matched D7-pNNPAM Shell

Figure S7: Density profiles of a pNIPMAM-pNNPAM microgel system with ca CCC of 10 mol% at 55 °C
with B-spline.

Figure S8: Angle dependent PCS of a H-pNIPMAM core with H-pNNPAM shell.
Figure S9: Sanity check of the RMC algorithm.

Figure S10: Hydrodynamic radius as a function of the temperature for a heating-cooling-heating-cooling
cycle of a pNIPMAM-pNNPAM core-shell microgel with a CCC of 10 mol%.

Figure S11: RMC simulations with and without the SANS data at low g where the structure factor is relevant.

Figure S12: SANS intensity curve of a pNIPMAM-pNNPAM core-shell microgel with a matched shell at
55 °C and a CCC of 10 mol% with a RMC fit and a Fuzzy Sphere fit.

Figure S13: PCS measurement of a pNIPMAM core and the same core under shell synthesis conditions.



