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S.l. Characterization
TDSiNPs:







BUSINPs:

PASiO,-TDSiNPs:
Using the survey spectra, and taking into account a correction for adventitious carbon?, the
global composition obtained through XPS was Si;12C3.sHyN;O,.

Results from the high resolution XPS are shown in the next table.

Peak RSF B.E. (eV) | FWHM (eV) Area (%)
C1ls 1 284.60 1.14 3723.59 (100)
Si2p 0.865 101.7 0.99 259.15 (39.3)
102.6 1.29 399.78 (60.7)
O1s 2.85 531.9 1.78 3242.52 (100)
N 1s 1.77 399.4 2.02 3445.76 (100)
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PA-TDSiNPs:
Using the survey spectra, and taking into account a correction for adventitious carbon,® the
global composition obtained through XPS was Si;CsNg 4Hy.

Results from the high resolution XPS are shown in the next table.

Peak RSF B.E. (eV) FWHM (eV) Area (%)
C1s 1 284.6 1.78 3419.88 (100)
99.70 1.28 179.64 (9.5)
Si2p | 0.865 | 100.70 148 1082.84 (56.7)
101.8 1.96 646.17 (33.8)
531.35 1.55 1574.31 (54.4)
Ols | 285 3500 1.40 1317.68 (45.6)
N1s | 1.77 | 399.40 2.28 4079.77 (100)
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PA-BUSINPs

The FTIR spectra of PA-TDSiNPs (blue traces) and PA-BUSiINPs (red traces), obtained in
KBr pellets as support, are shown in the following figure. The vertical solid lines stand as guides
to the eye for the peak positions. Both compounds show the presence of bands at 1460 and
733 cm™ due to Si-C deformation and CH, rocking in Si-CH, respectively, as well as peaks in the
2970 — 2880 cm™ region due to CH, stretching and bending, confirming PA bonding to SiNPs.*?

A small absorption at 850 cm™ could be assigned to the presence of Si-N vibrations. *
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The corresponding XPS spectrum of PA-BUSINPs shows Si 2p signals at 101.5 eV (45%) and
102.2 eV (55%) characteristic of Si(CxNy) environments.>® The 398.5 eV N 1s signal characteristic
of N-Si environments further supports the presence of Si-N bonds.” As already discussed, N-
bonding to Si may be a secondary product of the radical mechanism involved in the synthesis

reaction, as described in S.I. Scheme 1.
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SiO,-BUSINPs and PASiO,-BUSiINPs

The FTIR spectra of SiO4-SiNPs and PASiO,-SiNPs are shown in S.I. Fig. 1A. SiO,-SiNPs spectrum
shows a weak broad absorption band around 3400 cm™ which could be attributed to H-bonded
Si-OH groups, a more intense broad band at 1068 cm™ and a peak at 968 cm™, both
characteristic of Si-O-Si stretching. ® Other observed peaks are due to remnant amounts of
surface adsorbed TOAB used as a surfactant during the synthesis procedure. On the other hand,
the FTIR spectrum of PASiO,-SiNPs show a weak broad absorption band around 3280 cm'l, in
coincidence with that observed for (3- aminopropyl)triethoxysilane, which is therefore assigned
to the —NH; group. The narrow but more intense bands at 1162, 1122, 1040, and 970 cm™
observed after derivatization of SiNPs, may indicate different Si-O-Si environments.” In fact,
NH,-SiNPs synthesis involved the reaction of surface silanols with APTES leading to a SiOy shell,
as shown in Scheme 1. The absence of bands around 1160 cm™ and 1250 cm™ due to symmetric
Si-O-Si in bulk SiO, and Si=0 vibrations, respectively, supports a negligible formation of SiO,
structures in both, derivatized and underivatized particles. In fact, APTES derivatization is

supported by the absorption bands at 1405, 1270, 720 and 750 cm™ due to Si-C symmetric and



asymmetric deformation, stretching, and CH, rocking in Si-CH, respectively. Peaks due to CH,
stretching and bending vibrations in the 2970 — 2880 cm™ and 1440 — 1465 cm™ region due to
the propyl chain are also observed. Moreover, the absence of important broad bands around
760 and 1100 cm™ due to Si-O-C characteristic of (3- aminopropyl)triethoxysilane IR spectrum
(not shown) further supports a complete surface derivatization.?

S.I. Figure 1B shows the XPS spectrum obtained for PASiIO,-SiNPs and SiO,-SiNPs (inset). The Si
2p region of both particles displays the contribution of silicon environments with binding
energies (BE) of 100.1, 101.0, and 102.3 eV which may be assigned to Si*, Si**, and Si** oxidized
silicon, respectively, in Si(-O-), and Si(-Cl), coordinated compounds. Ratios between Si, O, and
Cl signals corrected for the instrument sensitivity yield an average Sis,035Cl surface
composition for SiO4-SiNPs, thus suggesting particle oxidation due to aging, in line with previous
reported results. Silicon environments in PASiO,-SiNPs depict BE attributable to Si°, Si7, Si**, and
Si** oxidized silicon with less contribution of the more oxidized environments. Such behavior is
in line with the protection ability towards oxidation of surface functionalities. Interestingly, the
absence of peaks around 104 eV strongly suggests that amorphous SiO, coordination does not
conform the particle structure. Therefore, XPS and FTIR data support aminopropyl

functionalization as shown in Scheme 1.

S.I. Figure 1: (A) IR of (from top down) SiO,-SiNPs and PASiO,-SiNPs. (B) Si 2p XPS peaks
observed for PASIO,-SiNPs and SiO,-SiNPs (inset).
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XPS Literature assignments:

Signal Structure B.E. (eV) Reference
Si(-0-), 102.8 — 103.6 %10.11,12
Si(-0-)s 102.0-102.8
Si(-0-), 101.4
Si2p Si(-0-), 100.6 — 100.0
Si-Si 99.2-99.0 91013
Si-H 99.6 1415
Si(-H), 100.8 -
Si-C 100.4
Si(C,N,) 101.5 - 102.8 >
Si-N 102.8 /
N 1s C-NH, 399.6 —399.1
01s O-Si 535 @)
0-Si(H) 531.6% 13




S.l. Scheme 1: Radical reaction mechanism taking place during the reaction of 2-

propen 1-amine (AA) with Si-H surface groups to yield PA-TDSiNPs.
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S.l. Table 1: Emission quantum efficiencies of argon-saturated MASiO,-TD’SiNPs in

toluene suspensions obtained at different temperatures. n and £stand for the refractive index

and relative permittivity of the solvent, respectively.

T (K) 0 n £
273 0.90 1.537 2.438
283 0.83 1.531 2.41
293 0.76 1.524 2.40
303 0.69 1.519 2.37
313 0.62 1.512 2.34

The results show decreasing PL quantum yields with decreasing dielectric constant of toluene
as a consequence of increased temperatures. Therefore, any contribution of the solvent to the

thermal quenching is expected to be of little significance.



S.l. Surface Si atoms estimation

Geometry optimization was carried out using the density functional tight binding (DFTB)
method with the aid of the DFTB+ program which allows SCC-DFTB calculations. Geometries are
considered converged when the maximum element of the gradient vector of the energy with
respect to nuclear coordinates is <0.01 au. The tolerance for charge self-consistency is fixed at
0.001 au. Nanoparticles containing between 17 and 240 silicon atoms in their core were
modeled as spherical portions of crystalline bulk silicon, in which the Si-Si bond length is 2.36 A.
For mayor details, see publication by Llansola Portolés °. Because of the generation method,
these particles resemble those obtained in a top-down procedure.

The figure in the right shows the optimized geometry, in vacuum at 0 K, for 1.3 nm size SiNPs
with surface Si—H groups. Si groups not participating in Si-H bonds: yellow; Si groups
participating in Si-H bonds: light brown; H, black. On the left is shown a vertical cut of the

particle to show the inner silicon core.

It is interesting to note, that 125 Si atoms conform the 1.3 nm size particle, from these, 74
atoms (59.2%) participate in Si-H bonds and another 15 Si atoms (12%) are exposed to the

surface. Therefore, it may be consider that almost 71.2% of the Si atoms are in the surface.
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