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1. Materials 

 
 Indium chloride tetrahydrate (InCl3∙4H2O, Strem Chemicals Inc.), sodium citrate 
dibasic sesquihydrate (Na2Cit·1.5H2O, Aldrich), tetraethyl orthosilicate (TEOS, Sigma 
Aldrich), ammonia (NH4OH 30%, Sigma Aldrich), diethylene glycol (DEG, Sigma 
Aldrich), sodium borohydride (NaBH4, Sigma Aldrich), L-tryptophan (98%, Sigma 
Aldrich), Carbostyril 124 (99%, Sigma Aldrich), (3-isocyanatopropyl) trimethoxysilane 
(95%, Gelest inc.), nitric acid (HNO3, 70%, Caledon Laboratory LTD) and anhydrous 
ethanol (Commercial Alcohols) are commercially available and were used without further 
purification. 
 
2. Synthesis of indium core 
 
 This protocol was adapted from the work of Kind et al.1 367 mg (1.25 mmol) of 
InCl3∙4H2O, 245 mg (0.95 mmol) of Na2Cit·1.5H2O and 50 mL of DEG were 
incorporated in a Schlenk flask and heated in an oil bath at 100°C for 30 minutes in order 
to insure complete dissolution of the salts. Meanwhile, 185 mg (4.9 mmol) of finely 
ground NaBH4 was dissolved in 1 mL of demineralized water. This solution was then 
rapidly injected in the flask, the contents of which rapidly change from colourless to 
brownish gray. After a 15-minute period, the flask was removed from the bath and 
allowed to cool down under vigorous stirring. The resulting solution was diluted with an 
equal volume of absolute ethanol and centrifuged 3 x 15 min at 12,000 RCF. The 
nanoparticles were then redispersed in 6 mL of absolute ethanol. 

 
Figure S1. Size distribution histogram for as-synthesized indium cores (N = 875). 

                                                
1C. Kind and C. Feldmann, Chem. Mater. 2011, 23, 4982. 
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3. Synthesis of core-shell In@SiO2 

 
 A modified Stöber method was used for depositing the silica shells. To deposit 5-nm 
(5 ± 1 nm) thick shells, 500-μL aliquots of the previously obtained indium nanoparticle 
solution were pipetted into 15 mL conical tubes followed with 7.98 mL of ethanol, 
1.91 mL of demineralized water and 22 μL (1 mM) of a freshly prepared 10% v/v TEOS 
ethanolic solution. The resulting solution was stirred for 15 minutes, following which 
86 μL of ammonia was added to the tube. After allowing the solution to stir for 24 hours, 
the resulting nanoparticles were centrifuged 3 x 15 minutes at 12,000 RCF and washed 
with absolute ethanol between each cycle. The nanoparticles were then redispersed in 
5 mL of absolute ethanol following the final centrifugation. 
 A similar procedure was used to obtain 12-nm (12 ± 1 nm) spacers, but using 7.93 mL 
of ethanol, 1.91 mL of demineralized water and 111 μL of TEOS solution. This 
procedure can be further modified to obtain increasingly thicker shells. However, the 
conditions have to be adjusted to both allow for the growth of the shells while inhibiting 
the formation of secondary silica particles. For example, 35-nm (35 ± 2 nm) spacers were 
obtained by increasing the quantity of catalyst (NH4OH) rather than TEOS, i.e., using 
7.98 mL of ethanol, 1.65 mL of demineralized water, 22 μL of TEOS solution and 
345 μL of NH4OH. The thickest spacers that we have been able to achieve in a one-pot 
procedure are 50 nm in thickness, in which case the addition of 500 μL of the 
nanoparticle solution was followed by the addition of 7.48 mL of ethanol, 1.64 mL of 
demineralized water, 22 μL of the TEOS solution and 360 μL of NH4OH. The 
distribution histograms for the different spacer thicknesses are shown in Fig. S2, and the 
shift in the plasmon resonance as a function of SiO2 shell thickness is shown in Fig. S3. 

 
Figure S2. Spacer thickness distribution histograms for as-synthesized indium core/silica 

shell colloids (N = 150 for each distribution). 
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Figure S3.  Normalized UV-Vis extinction spectra for In@SiO2 nanoparticles with 

different shell thicknesses: without shell (black), 5-nm (red), 12-nm (blue), 
35-nm (green). 

 
4. Spectrophysical characterization of core-shell nanoparticles 
 
 Transmission electron microscopy (TEM, Phillips Tecnai 12) was used to evaluate the 
size, morphology, and structure of the core–shell nanoparticles. The samples were 
prepared on carbon films supported by copper hexagonal 200 mesh grids (Canemco). 
TEM images were processed using commercial image analysis software (IMT 
i-Solution). Steady-state fluorescence measurements were performed using a Fluorolog 
spectrofluorometer (Model FL322) from Horiba Jobin-Yvon with double 
monochromators on excitation and emission channels. UV-Vis spectra were measured on 
a Varian Cary 50 spectrophotometer (200–800 nm). Dynamic light scattering (DLS) 
measurements were performed at 25°C with a Malvern Zetasizer Nano ZS. 
 
5. Fluorescent labelling of In@SiO2 core-shell nanoparticles  
 
 This step was adapted from our previous work.2 It has to be noted that the same 
protocol was used with both Carbostyril 124 and tryptophan. 0.3 mmol of 
(3-isocyanatopropyl) trimethoxysilane was added to 0.1 mmol of fluorophore in 5 mL of 
absolute ethanol. This solution was stirred for 3h at room temperature and monitored 
using LC-MS. This fluorescent silane precursor was used as-synthesised and added to 
500 μL of In@SiO2 nanoparticles (1x107 NPs/mL) solution in ethanol. Each sample was 
completed to 1 mL with ethanol: as such, the volume of the silane precursor solution was 

                                                
2M. Lessard-Viger, M. Rioux, L. Rainville and D. Boudreau, Nano Letters, 2009, 9, 3066. 
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tuned to obtain a concentration ranging between 0 and 1 mM (0-50 μL). 24 μL of NH4OH 
was added to the solution, which was stirred for 15 minutes at room temperature. 30 μL 
of 0.22% (v/v) TEOS solution was then added, and the solution was allowed to stir at 4°C 
for 48h. The resulting nanoparticles were centrifuged at 12,000 RCF for 15 minutes, 
discarding the supernatant and resuspended in 500 uL of ethanol. This step was repeated 
three more times, until the supernatant showed no more fluorescence.   
 
6. Fluorescence enhancement factor measurements 
 
 The fluorescence enhancement from In@SiO2@SiO2-Carbostyril 124 and 
In@SiO2@SiO2-tryptophan was quantified by comparing the steady-state fluorescence 
intensity of dye-doped core-shell and dye-doped core-less nanoparticles. For the 
fluorescence measurements of dye-doped core-shell nanoparticles (Figure S4), 50 μL of 
the nanoparticles was diluted in 2.95 mL of phosphate buffer (1mM, pH 7.4). The dye-
doped core-less nanoparticles (Figure S5) were obtained by adding 10 μL of HNO3 17% 
to 100 μL of dye-doped core-shell nanoparticles. Total disappearance of the core takes 
about 48h. The etching of the metallic cores can be monitored using UV-Vis, using a 
blank containing HNO3 to compensate for the strong absorption from nitrate at 230 nm. 
While fluorescence measurements were made in a phosphate buffer (pH 7.4), tests were 
done to insure the nitric acid doesn’t affect the fluorescence of the tryptophan, which is 
pH-dependant. The fluorescence measurement of dye-doped core-less nanoparticles was 
taken by diluting 60 μL of core-less nanoparticles solution in 2.94 mL of phosphate 
buffer (1 mM, pH 7.4). Excitation wavelengths were 280 nm and 350 for tryptophan and 
Carbostyril 124, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S4. Transmission electron microscopy (TEM) of In@SiO2 nanoparticles with 
different shell thicknesses after the addition of a fluorescent silica shell 
(tryptophan). Silica shell thicknesses after this step are a) 7 ± 1 nm and b) 14 ± 
1 nm. 

a) 

100 nm 

b) 

100 nm 
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200 nm 
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100 nm 

Figure S5. Transmission electron microscopy (TEM) of In@SiO2@SiO2-fluorophore 
nanoparticles after treatment with diluted nitric acid for a) 24h and b) 48h. 
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