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1. Characterizations of the nanoparticles.

The nanoparticle (NP) synthesis resulted in a dispersion in ethanol that was stable over several months.
» Typical electron microscopy images of the particles are shown in Figure S1. On the analysis of the
electron microscopy pictures results in a mean radius (R) of 24.2 + 3.2 nm (Figure S1) while, dynamic
light scattering (DLS) provides mean hydrodynamic radii (Ry) of 30+ 5 nm for bare silica and
31 £ 8 nm for the surface modified ones. Elemental analysis reveals a grafting density of the TPM
coupling agent of 3.2 nm™. The form factor of the fillers was extracted from SAXS measurements on
» dilute samples of fillers in solution (¢ = 0.01). The intensity of scatterers in a medium is proportional
to the form of fillers and their organization inside the matrix and is expressed as
I(q)=nAp’V’P(q)S(q). With n the number density, Ap the difference in scattering length density

between NPs and solvent/matrix, V' the volume of the filler, and P(g) and S(q) are respectively the
effective form and structure factors. When the concentration of NPs is low enough, there are no
«w positional correlations which implies S(g) = 1. Figure S2 shows the resulting scattering curves for bare
silica and TPM-coated silica NPs in ethanol together with form factors for homogeneous spheres'
(dashed lines) and the best fits obtained (full lines). For bare NPs, large deviations from the form
factor and the scattering intensity are visible at low g-values (Figure S2). This is characteristic for the
presence of larger objects. The curve can indeed be well fitted by a combination of a form factor for
s spheres having a mean radius R; =24.5+ 3.2 nm together with a second one for spheres with

R, =34.0 £ 10.2 nm representing less than 3 % in number. Both populations are assumed to have a



log-normal distribution. The presence of big particles is attributed to the aggregation of nuclei
resulting in the formation of doublets during the synthesis and to the aggregation of a few NPs in
solution. Some of these particles are visible on the TEM images and are highlighted by circles in the
inset of Figure S1. A Guinier plot (Figure S2 inset) shows a break in the slope at very low ¢ values

:(¢* <3.10° A™?) also pointing to the presence of some aggregates. The two slopes are related to two
characteristic sizes in the silica population, and the calculated sizes (R =23.2 nm & Ry = 32.2 nm)
are in good agreement with the ones found from TEM and DLS data. To correct for the contribution
from the small aggregates in the fitting model, only the form factor corresponding to the main size and
polydispersity of the fillers (dashed line) is used for the structure factor calculations. For TPM-coated

1w NPs, the SAXS curve shows only minor deviations from the form factor in the Guinier region. This
deviation is due to residual correlation effects® (S(¢)) in the scattering intensity for very low ¢ values
even at this low loading (~ 1 vol%). The additional TPM coating layer tends to slightly increase the
mean radius up to R = 25.0 £ 3.2 nm, in accordance with the DLS measurements.
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Figure S1: TEM images of Stober silica nanoparticles at different magnifications. Dashed circles
show examples of nanoparticles with shape and size deviations from mean spheres.

For both bare and TPM-coated NPs, deviations from the typical behavior of solid homogeneous
. spheres are observed in the Porod-region. For ¢ > 0.5 nm™, the scattering intensity exhibits a power
law behavior I ~ ¢g** instead of I ~ ¢, due to the high porosity of the nanoparticles.>* A mean radius
of gyration for the pores of Ry, =3.0+ 0.8 nm, assuming that they are aggregated with a fractal
dimension (D) of 2.8, is necessary to properly fit the Porod-region for both systems. The scattering
contribution  for pores is expressed by a mass fractal expression like

sin| (D —1)arctan
= [( ) (qf)] ; where ¢ corresponds to the linear size of aggregates and is
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characterization,” which yielded an average pore radius (Rp) of 3.0 nm. The specific surface area (),
and the total volume of pores (/},) are determined to be 285.0 m”.g" and 0.43 cm’.g, respectively.
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Figure S2: SAXS curves of bare and TPM-coated silica nanoparticles with fits of form factors

(dash lines) and best fits (full lines) for highly porous hard spheres with log-normal size
distributions. Inset shows corresponding Guinier plots.

« 2. Highly magnified microtomed TEM images of TPM-coated NPs in PMMA
similar to Fig. 5.

i NPs in the PMMA matrix. (a&b) from the upper part of the samples, while (c&d) are from the
lower part of the samples. (a&c) Dried Hybrid Polymer and (b&d) Centrifuged Hybrid Polymer.
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