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Montpellier, France

#F.B. and A.C. contributed equally to this work

E-mail: angela.capocefalo@univaq.it; emanuela.zaccarelli@cnr.it; simona.sennato@cnr.it

S1



S0.1 S1. Additional experimental analyses

Additional extinction spectra. We report in Fig. S1 the extinction spectra as a function

of temperature between 25°C and 41°C of the NPs stock dispersion and of microgel–NPs

complexes with number ratios n = 15 and n = 300. Due to the high dilution and colloidal

stability of the stock sample, no plasmon coupling is observed for NPs alone (panel A) in the

overall range of temperatures, as the extinction spectrum remains unaltered. For n = 15,

the adsorbed NPs are few enough to remain far apart even above the VPT. Since in these

conditions no plasmon coupling occurs (panel B), this sample is a reference to analyze the

effects on the LSPR caused by water expulsion from the polymer network and consequent

chain densification across the VPT. Hence, the observed shift of the LSPR, up to 8 nm,

can be attributed solely to the variation of refractive index at the interface of the NPs with

increasing temperature. At larger n values, the maximum shift is higher, reaching 10 nm

for n = 300 (panel C) and 16 nm for n = 150 (Fig. 1A), pointing to a contribution from

plasmon coupling.
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Figure S1: Extinction spectra of the NPs stock dispersion (A) and of the microgel–NPs
complexes as a function of temperature for n = 15 (B) and n = 300 (C).
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Experimental swelling curve of the microgels The experimental swelling curve of the

microgels, obtained plotting RH as a function of temperature is reported in Fig. S2. Based

on it, we extrapolated the transition temperature TC = 33.3± 0.3 °C, by fitting data to the

sigmoidal-like function:

y = y∞ +
y0 − y∞

1 + e
x−TC
∆T

. (S1)
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Figure S2: Swelling curve of the microgel and best fit to a sigmoidal-like function.
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Additional electron microscopy images. We analyzed the arrangement of NPs in

microgel–NPs samples by transmission electron microscopy. Representative images for the

samples with n = 150 and n = 300 are shown in Fig. S3. This analysis reveals that, in both

samples, NPs tend to localize in the peripheral regions of the microgel corona. Moreover,

the NPs adsorb to the different microgels with low variability throughout the sample.

A B

Figure S3: Electron microscopy images of the microgel–NPs complexes for n = 150 (A) and
n = 300 (B).
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NP form factor and structure factors of samples with n = 300 The form factor

of gold NPs is directly measured by SAXS on dilute samples, with number density nNP =

7.0× 1011 mL−1. The acquired scattering curve is reported in Fig. S4A. We fitted the curve

to a spherical form factor model1 with log-normal particle size distribution, to evaluate the

radius of NPs to 9.3 nm with 10% polydispersity. The good overlap between the two curves

also ensures the validity of the assumption that there is no interaction between the dispersed

NPs, thus the scattering curve represents their form factor. In Fig. S4B, we report the

structure factors of NPs measured on microgel–NPs samples with number ratio n = 300 as

a function of temperature between 25 °C and 41 °C.
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Figure S4: (A) Experimental form factor of gold NPs at T = 25 °C and best fit to a sphere
model. (B) Structure factors of NPs as a function of temperature for the microgel–NPs
sample with n = 300.
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S0.2 S2. Additional numerical analyses

Numerical swelling curve of of the microgel. The swelling curve of the simulated

microgel for N = 112k and f = 0.02, as obtained by plotting RH as a function of α is

reported in Fig. S5A. Based on it, we extrapolate the equivalent transition temperature

α = 0.64± 0.02, fitting the data to the sigmoidal-like function of Eq. S1.

Full-range structure factors for n = 150. The full q-range numerical structure factors

calculated from the simulations with N = 112k and n = 150 are shown in Fig. S5B, for

α = 0 and α = 2. In particular, the features of the overall microgel–NPs system emerge

at low-q, where curves are characterized by high oscillations. Proceeding from the electron

microscopy analyses, we assumed that NPs are incorporated only in the microgel corona,

therefore we employed a spherical shell model form factor to fit the curves. The model is

directly derived from the difference between the amplitudes of two spherical form factors

with same contrast and radii Rout and Rin, respectively:

Pshell(q) = A ∗
[
Vtot

sin (qRout)− qRout cos (qRout)

(qRout)3
− Vcore

sin (qRin)− qRin cos (qRin)

(qRin)3

]2
,

(S2)

where Vtot =
4
3
πR3

out, Vin = 4
3
πR3

in and A is factor depending on the volume fraction and

contrast of the shell. We fitted the numerical structure factors to Eq. S2, limiting to the low-

q region. The resulting curves are superimposed on the data in the figure (continuous line),

showing that this simple model successfully captures all the features of the NP structure

factors at this length scale. The obtained values of the model radii are Rin = (37.5± 0.3)σ

and Rout = (48.7± 0.3)σ, for α = 0, and Rin = (28.3± 0.2)σ and Rout = (34.7± 0.1)σ, for

α = 2. However, the extension of the model to higher q-values (dotted line) clearly deviates

from the numerical data, indicating the need for more detailed analyses of the NP structure

and organization at the scale of interparticle interactions.
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Figure S5: (A) Swelling curve, RH as a function of α, of the microgel with N = 112k and
f = 0.02, and best fit to a sigmoidal-like function. (B) Full q-range numerical structure
factors for N = 112k and n = 150 (circles), with corresponding fits to the spherical shell
form factor of Eq. S2 in the low-q region (continuopus line) and continuation of the curve in
the overall q-range (dotted line), for α = 0 (blue) and α = 2 (red).
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Additional numerical structure factors. The NPs structure factors for the microgels

with N = 112k and f = 0.02 at different NP/microgel number ratios and for different

microgel compositions (N = 14k and f = 0.02, N = 14k and f = 0.16, N = 112k and

f = 0.01) at fixed n = 150 are reported as a function of α in Fig. S6. In all the cases

considered, the high oscillations at low q are followed by smaller peaks at intermediate q

(highlighted in light blue). These peaks are present for all the effective temperature, in

contrast to experiments.
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Figure S6: Structure factors at varying α for different microgel–NPs systems: microgel with
N = 112k and f = 0.02, for n = 80 (A), n = 100 (B) and n = 300 (C), and microgels with
N = 14k and f = 0.02 (D), N = 14k and f = 0.16 (E), N = 112k and f = 0.01 (F) at fixed
n = 150. The color-coding is the same as in Fig. 2.
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Additional spherical structure factors. The spherical structure factors of the adsorbed

NPs for the system with N = 112k, f = 0.02 and n = 150, computed according to Eq. 9, are

reported as a function of α in Fig. S7A. We find that S(l) is characterized by a main peak

for ∼ 16, followed by smooth oscillations. Additionally, it approaches a low value as l → 0.

The T -dependence of S(l) shows that the main peak becomes sharper, shifting to lower l

as T increases. The same variations are more pronounced in the case of the microgel with

N = 112k and f = 0.16 reported in Fig. 3C. To sum up, the shift to low wavevectors of all

structure factors clearly indicate that the NPs increase their relative (geodesic) distance as

the microgels undergo the VPT.

In order to better assess the role of electrostatic interactions, we performed simulations

on the same microgel interacting with NPs with different charges. We considered the two

additional values of the NP charge, q = − 5 e∗ and q = − 10 e∗. The plots of S(l) for the

three values of q are reported in Figs. S6B and C, for α = 0.00 and α = 2.00, respectively.

Noteworthy, the main peak of the curve, that becomes narrower and more pronounced as α

increases above the VPT, is observable only for q = − 35 e∗, when the number of adsorbed

NPs is higher and the electrostatic repulsion between them is stronger. This highlights the

important role of electrostatic interactions in determining the spatial arrangement of the

adsorbed NPs and its modification across the VPT.
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Figure S7: Spherical structure factors at varying α for the microgel–NPs complex with
N = 112k, f = 0.02 and n = 150 (A). Spherical structure factors for the same microgel
at varying the NP charge q, below (B, α = 0.00) and above (C, α = 2.00) the VPT of the
microgel.
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S0.3 S3. Analysis of the toy model parameters

To achieve a full comprehension of the structure factors of the NPs adsorbed to microgel, we

varied each of the four parameters of the toy model independently and we analyzed how it

affects the features of the S(q). The trends at varying the shell parameters R0, t and σR are

shown in Fig. S8, those at varying the NPs parameters Np and dmin are shown in Fig. S9.
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Figure S8: Structure factors of the toy model, consisting in particles with random positions
within a spherical shell, at varying independently each geometrical parameter of the shell
R (A), t (B) and σR (C). The following values are used for the parameters that are kept
constant: R = 82 nm, t = 2 nm, σ = 6 nm, Np = 150 and dmin = 8 nm.
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Figure S9: Structure factors of the toy model, consisting in particles with random positions
within a spherical shell, at varying independently each parameter of the NPs, Np (A) and
dmin (B). The following values are used for the parameters that are kept constant: R = 82
nm, t = 2 nm, σ = 6 nm, Np = 150 and dmin = 8 nm.
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S0.4 S4. Microgel model for electromagnetic simulations

To perform full-wave electromagnetic simulations, we modelled the microgel as a non-uniform

background with a radial dielectric permittivity, assuming a constant value for the microgel

core and a Gaussian decay for its corona. The core is the region r < R, whereR is the external

radius of the shell according to the toy model. The numerical values of the refractive index

at the two temperatures analyzed are calculated by scaling the permittivity of the pNIPAM

microgels2 to the corresponding fractions of water contained in the polymer network.3,4 The

radial profile of the microgel refractive index is sketched in Fig. S10.
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Figure S10: Radial profiles of the microgel refractive index used in full-wave simulations.
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