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Materials 

All the chemicals not mentioned were analytical reagent grade obtained 
from Sigma-Aldrich Chemie GmbH, Buchs, Switzerland and were used 
without further purification. Ultrapure deionized water (Seralpur Delta 
UV/UF setting, 0.055 µS/cm) was used in all the synthesis and analysis steps. 
PVA-OH, Mowiol 3-85 was supplied courtesy of Kuraray Specialties Europe 
GmnH, Germany. Amino-PVA (A-PVA):M12 was supplied courtesy of 
ERKOL S.A, Tarragona Spain (now Sekisui Specialty Chemicals Europe). 
MWCO 12-14 kDa cellulose membrane dialysis tubing was used for the 
dialysis. Dulbecco’s modified Eagle medium (DMEM) supplemented with 
10% fetal bovine serum (FBS), 1.5% penicillin streptomycin, 1% 
amphotericin B and Prolong Gold were all provided by Invitrogen AG, Basel, 
Switzerland. Phosphate buffered saline (PBS) was used to wash the cells. 
Paraformaldehyde (PAF) and DAPI were purchased from Sigma-Aldrich 
Chemie GmbH, Buchs, Switzerland. MTS tetrazolium salt was provided by 
Promega, Dübendorf, Switzerland. 
Chemical characterizations 

To titrate the amounts of iron and silicon on the PVA-SPION@silica 
particles for induced coupled plasma atomic emission spectroscopy (ICP-
OES: ICPE-9000 Shimadzu), 80 µL of the particles were dissolved in 920 µL 
of either 6 M HCl or 2 M NaOH for, Fe or Si titrations, respectively. Then, 5 
points standard BET (Micromeritics Gemini 2375) specific surface areas 
(SSA) were measured on PVA-SPION@silica particles after degassing at 
130°C. The BET diameter (dBET) was obtained from SSA measurements 
using the equation SSA=6000/(ρ*dBET), where ρ is the density of the PVA-
SPION@silica particles calculated from the Fe and Si concentrations 
measured using ICP. The amount of iron was also titrated using magnetic 
susceptibility (Bartington MS3 magneto-susceptometer)1. 

To determine the remaining amount of PVA in the silica beads, freeze 
dried particles were thermogravimetrically analyzed (Mettler Toledo 
TGA/SDTA 851e) from 30 to 800°C (10°C/min) under air (30 mL/min). The 
loss of mass from 150 to 600°C was assumed to be due to the loss of mass of 
the PVA.  
Calculation of the average density of PVA-SPION silica beads 

The density of porous silica (dSiO2) was estimated from the literature2 to 
be 1.3 g.cm-3. The density of SPION (dFe2O3) was taken to be 4.8 g.cm-3. The 
atomic concentrations of silicon (cSi) and iron (cFe) were measured using ICP. 
Then, assuming Si would produce SiO2, the concentration of silica (cSiO2) was 
estimated using the formula: cSiO2=cSi*MSiO2/MSi=cSi*60/28. Assuming Fe 
would yield Fe2O3, the concentration of Fe2O3 (cFe2O3) was estimated from the 
formula: cFe2O3=cFe*MFe2O3/(2*MFe)=cFe2O3*159.7/111.7. Then, the mass ratio 
of Fe2O3 (%Fe2O3) was calculated according the equation: %Fe2O3 = 
cFe2O3/(cFe2O3+cSiO2). Then, the global density of PVA-SPION@silica (dNP) 
was calculated: 
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Calculation of number of SPION per silica bead 
These calculations were based first on the TEM sizes of naked SPION 

(θSPION) and silica (θSilica). The density of porous silica (dSiO2) was estimated 
from literature values2 to be 1.3 g.cm-3. The density of SPION (dFe2O3) set at 
4.8 g.cm-3. Then, atomic concentrations of silicon (cSi) and iron (cFe) were 
measured using ICP. The volume of 1 SPION (VSPION) was calculated 
assuming a spherical shape: VSPION = 3/4*π*(θSPION/2)3. 

The number of SPION / mL (NSPION) was calculated using the equation: 
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The volume of SiO2 (VSiO2) was calculated: VSiO2 = cSiO2 / dSiO2. 
The volume of the silica beads (Vbeads) was calculated: Vbeads = 3/4* π 

*(θsilica/2)3. 
The number of SPION/bead (NSPION/bead) was then calculated using the 

following equation: 
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Estimation of the final PVA/Fe mass ratio 
3 mL of the silica suspensions were freeze-dried and weighed (mtotal in 

mg). A few mg of these powders was analyzed by TGA. The loss of mass 
from 150 to 600°C (above this temperature, the loss of mass was null) was 
used for the calculation (%TGA) of PVA loss. The concentration of Fe/mL was 
obtained by ICP measurements (cFe). The final PVA/Fe ratio was calculated 
using the following equation: 
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Magnetic susceptibility measurements 
The mass specific susceptibility (κ in m3 kgFe2O3

-1) was obtained by 
measuring a volume magnetic susceptibility (χ in SI) on a Bartington MS3 
magneto-susceptometer at 300Ka with a MS2G mono frequency sensor for 
around 1 mL cells operated at (1.3 kHz). Then κ was obtained by dividing χ 
by the concentrations of SPION (obtained as explained before) in kgFe2O3 m

-3. 
Magnetic Resonance Imaging 

T2 signal loss and quantifiable dUTE MRI images were acquired in a 
phantom of varying concentrations up to 200μg/ml made with deionised 
water in 2ml tubes, placed in a container of water to avoid susceptibility 
artifacts.  MR employed a Siemens Magnetom® Trio 3T clinical scanner 
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