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Experimental section

Detailed procedure for colorimetric amine titration

An acidic buffer was prepared by mixing 85 mL of water with 10 mL of methanol and
5 mL of 99% acetic acid. Then 250 pL of nanoparticles dispersion were centrifuged
(6700g, 3 min) and redispersed in the acidic buffer to protonate amines on the surface
of particles. Nanoparticles were centrifuged again and redispersed in 250 pL of a 58
uM Coomassie Brilliant Blue (CBB) solution prepared in the acidic buffer. After 15
min of sonication, nanoparticles were washed three times with the acidic buffer to
remove the excess of CBB. Nanoparticles were redispersed in 250uL of water. Then,
200 pL of a basic buffer prepared with 50 mL of a 1 M ammonia solution in water and
50 mL of methanol was added to the nanoparticles to deprotonate amines and release
CBB immobilized onto nanoparticles. After 5 min of sonication, nanoparticles were
centrifuged (10000g, 15 min) and the supernatant was analyzed with Ultraviolet-
Visible absorption spectrophotometer. The number of CBB molecules (equal to the
number of amine groups) can be deduced from the absorbance of the solution at 611
nm using Beer-Lambert law (molar extinction coefficient of CBB at 611 nm is equal to

87893 L mol! cm™).

Toxicity assay

Cell proliferation and/or survival was monitored with the xCELLigence Real-time Cell
Analyser (RTCA) System (ACEA Biosciences, Inc., San Diego, USA), which allows label-
free monitoring changes of cell number, viability, morphology and quality of cell attachment
by measurement of cell to electrode responses of cells seeded in E96-well plates
manufactured with integrated microelectronic sensor arrays. RTCA system measures real-
time impedance variations that are then converted in cell surface occupancy, i.e. cell index,
taking into account cell number, cell size, and adhesion force. When cell index reaches a
sufficient value (typically between 1 and 2), silicon carbide (SiC) nanoparticles are introduced
and incubated with cells during 24h using the protocol detailed in the previous section. Cell
indexes are normalized at the introduction of nanoparticles in order to facilitate the
comparison between the different conditions. Then SiC nanoparticles are removed by
replacing the cell culture medium by a fresh one. The impedance measurements are

maintened during 24h in order to study the influence of washing.



Detailed experimental conditions for X-Ray Photoelectron Spectroscopy (XPS) and Time of
Flight Secondary Ion Mass Spectrometry (ToF-SIMS) analyses

For XPS and ToF-SIMS analyses, 100 pL solution of each sample was spotted on
clean Si(100) substrate and let to dry overnight in air before insertion in the vacuum
chamber.

Concerning XPS measurements, for each sample, a survey spectrum (0-1150 eV),
from which the surface chemical composition (at. %) was determined, was recorded at
pass energy of 160 eV. In addition, one set of high-resolution spectra (analyzer pass
energy at 20 eV) was recorded to obtain information about the chemical bonding of the
different elements. Surface charge was compensated by a magnetic charge

compensation system and the energy scale was calibrated by setting the C Is

hydrocarbon peak to 285 eV. The take-off angle for the acquisitions was 90 with
respect to the sample surface. The acquisition time was kept below 20 min per sample
to avoid possible X-ray damage. Wide and core level spectra were acquired on at least
three different sample positions. The data were processed using Vision2 software
(Kratos Analytical, UK) and the analysis of the XPS peaks was carried out using a
commercial software package (Casa XPS v2.3.16PR1, Casa Software Ltd., UK). The
atomic percentages were calculated from the experimentally determined peak
intensities and normalized by atomic sensitivity factors provided by Kratos Analytical.
Peak fitting was performed without any preliminary smoothing. Symmetric Gaussian—
Lorentzian (70% Gaussian and 30% Lorentzian) product functions were used to
approximate the line shapes of the fitting components after a Shirley-type background
subtraction.

For ToF-SIMS analyses, spectra were acquired in static mode (primary ion fluence < 10'2
ions cm?) in order to preserve the molecular information. During analysis, charging of the
surface was prevented by applying charge compensation using low-energy (20 eV) electron
flood gun. Mass calibration of ToF-SIMS spectra was done by using the hydrocarbon peaks
CH* (13 m/z), CH;" (15 m/z), C,H3™ (27 m/z), CsHs™ (41 m/z), CsH;™ (67 m/z), and C;H;" (91
m/z), and C- (12 m/z), C,” (24m/z), C53- (36m/z), C4 (48m/z), Cs  (60m/z) in order to ensure a
good relative mass accuracy. Analyses were obtained from square areas of 250%250 pm? in
high mass resolution burst mode (resolution M/AM > 6000). Spectral interpretation was

carried out using Surface Lab software v6.4 (ION-TOF GmbH, Miinster, Germany).

Other characterization techniques



Transmission Electron Microscopy (TEM) images were realized with a JEOL 2100HT
working at 200 kV. For TEM studies, 2 puL of the diluted dispersion of nanoparticles was
deposited onto a carbon lacey grid (Ted Pella, Inc.). X-Ray diffractogram (XRD) was
obtained using an X-ray diffractometer (Rigaku, Smartlab) at room temperature with Cu Ka
radiation (wavelength 1.5405 A). SHG emission spectrum was obtained using Hyper Rayleigh
Scattering spectroscopy. Nanoparticles dispersed in water were put in a quartz cuvette and

excited at 820 nm using the same source as the one used for multiphoton microscopy.
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Fig. S1. TEM image (A), corresponding size histogram (B), XRD diffractogram (C) and SHG
emission spectra at 820 nm excitation (D) of KOH treated SiC nanoparticles.
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Fig. S2. Full infrared transmission spectra of KOH treated (a), APTES-1 (b), APTES-2
modified SiC nanoparticles (¢) and APTES (d).
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Fig. S3. N1s level XPS spectrum of APTES-2 modified SiC nanoparticles.
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Fig. S4. '"H NMR spectrum of PEG-folate.



Fig. S5. Multiphoton images of HuH7 cancer cells (a) after incubation with folate-modified
SiC nanoparticles in competition with free folic acid and (b) after incubation with PEG-
modified SiC nanoparticles. Blue-Purple spots correspond to SHG signal measured at 395 nm
and red spots correspond to TPEF signal measured at 607 nm. Excitation wavelength is 790
nm.
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Fig. S6. Cell proliferation of 3T3-L1 healthy cells in presence of various SiC nanoparticles

concentrations.
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SHG-emitting Second-order nonlinear ~ Cytotoxicity as Use as nanoparticles

nanoparticles optical coefficients from nanoparticles for SHG bio-imaging
bulk crystals (pm/V) and therapy

LiNbO; 17.3-25.712 Low!?3 Stem cell imaging?

BaTiO; 12.8-14.114 Low!? Cancer cell targeting®
Cancer cell imaging®
Phototherapy?

KNbO; 15.3-22.312 Low! Healthy cell imaging’

ZnO 1.4-2.818 High'? Cancer cell targeting'”
Phototherapy'!

SiC-3C 26.0-34.21%13 Low!'* Cancer cell targeting'4

Table S1. Comparison of SHG-emitting nanoparticles used for bio-imaging and therapy from
literature.
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