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[bookmark: _GoBack]Figure S1. Confirmation of dye-APTES(3-Aminopropyl)triethoxysilane) conjugation. (a) Mass spectra of cyanine 7 NHS ester, cyanine 7-APTES conjugates, and APTES, obtained using ESI-TOF MS (SYNAPT G2, Waters, UK). (b) 1H-NMR of cyanine 5.5 NHS ester and cyanine 5.5-APTES conjugate in DMSO-d6, obtained using 400MHz NMR (Avance III 400, Bruker, USA) [1].  
[1] Shirini F, Jolodar OG, Seddighi M, Borujeni HT. Preparation, characterization and application of succinimidinium hydrogensulfate ([H-Suc]HSO4) as an efficient ionic liquid catalyst for the N-Boc protection of amines. RSC Adv. 2015;5:19790
[image: ]
Figure S2. Size measurement of CSNP5.5 in group 1 using Nano Measurer software. 


[image: ]
Table S1. Size measurement of SNP and CSNPs. The particle diameters were measured by Nano Measurer software using SEM images (n = 100).


[image: ]
Table S2. Molecular ratios used for synthesis of plain silica nanoparticle.
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Figure S3. Morphological characteristics analyses. Scanning electron microscope (SEM) images of SNP and CSNPs synthesized under various APTES ratios and equivalents. (a) Group synthesized with a 50-fold molar ratio excess of APTES to dye. (b) Group with a 100-fold. Within each group, nanoparticles were synthesized under various conditions depending on the equivalents. Scale bars = 100 nm
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Table S3. Morphological characteristics analyses. Size distribution of SNP and CSNPs synthesized under various APTES ratios and equivalents. The size distribution were measured using a DLS. The samples were suspended in distilled water. 
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Figure S4. Confirmation of dispersibility of SNP and CSNPs in various solvents. The size distribution were measured by dynamic light scattering and quality reports were obtained from Zetasizer software. The samples were suspended in each solvent with 2 mg/ml concentration.
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Figure S5. Yield of SNP and CSNPs synthesized under various APTES ratios and equivalents. 
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Table S4. Yield of SNP and CSNPs synthesized under various APTES ratios and equivalents.
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Table S5. Surface charge of CSNPs. The zeta potentials of CSNPs synthesized under various APTES ratios and dye equivalents were measured using a DLS. The samples were suspended in distilled water with 2.5 mg/ml concentration and titrated to pH 7.4.
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Figure S6. Protocol illustration of calculating encapsulation. The supernatant is separated through centrifugation after overnight reaction. The absorbance of supernatant was measured using a UV-Vis spectrometer. 
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Table S6. Encapsulation of cyanine dyes in CSNP synthesized under various APTES ratios and equivalents. (a) Group synthesized with a 50-fold molar ratio excess of APTES to dye. (b) Group with a 100-fold. Initial addition to the reaction and encapsulated amount of dye for calculating encapsulation.
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Figure S7. Emission spectra of CSNPs synthesized under various APTES ratios and equivalents were measured using a fluorescence spectrophotometer. (a) CSNP3.5, (b) CSNP5.5, (c) CSNP7. Group synthesized with a 50-fold molar ratio excess of APTES to dye (left) and with a 100-fold (right).
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Figure S8. Comparison of fluorescent signal increase depending on the concentration of CSNP3.5 synthesized under various APTES ratios and equivalents. (a, b) Group synthesized with a 50-fold molar ratio excess of APTES to dye. (c, d) Group with a 100-fold. (a, c) Increase of fluorescence signal with concentrations ranging from 0 to 50 mg/ml. (b, d) Comparison of fluorescent signal efficiency at low, middle, and high concentrations. All signal intensities were obtained using a microplate reader.
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Figure S9. Comparison of fluorescent signal increase depending on the concentration of CSNP7 synthesized under various APTES ratios and equivalents. (a, b) Group synthesized with a 50-fold molar ratio excess of APTES to dye. (c, d) Group with a 100-fold. (a, c) Increase of fluorescence signal with concentrations ranging from 0 to 50 mg/ml. (b, d) Comparison of fluorescent signal efficiency at low, middle, and high concentrations. All signal intensities were obtained using a microplate reader.
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Figure S10. In vivo fluorescence imaging and biodistribution study of CSNP7. (a) Time-dependent in vivo fluorescence images of mice injected intravenously with CSNP7 at different doses (3 and 6 mg). (b) Signal-to-noise (SNR) obtained from the fluorescence intensities of major organs at different time points, shown from dorsal and ventral views.
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Group 1 ( Dye:APTES = 1:50)

Group 2 ( Dye:APTES =1:100)

# Dye APTES TEOS # Dye APTES TEOS
0.05 0 2.5 5,000 0.05 0 5 5,000
0.1 0 5 5,000 0.1 0 10 5,000
0.2 0 10 5,000 0.2 0 20 5,000
0.5 0 25 5,000 0.5 0 50 5,000
1.0 0 50 5,000 1.0 0 100 5,000
2.0 0 100 5,000 2.0 0 200 5,000
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Supplementary table 1

(Unit:nm)
Group 1 ( Dye:APTES =1:50) Group 2 ( Dye:APTES =1:100)
0.05 0.1 0.2 0.5 1.0 2.0 0.05 0.1 0.2 0.5 1.0 2.0
SNP 81.5 76.5 746 74.8 76.7 77.0 779 75.2 74.5 734 76.8 741
+205 +19.2 +18.0 +18.5 +19.3 +19.8 +19.1 +17.9 +17.9 +17.0 +18.5 +18.6
CSNP3.5 79.9 78.8 76.7 79.6 791 81.7 773 723 7.3 746 75.7 743
- +19.8 +19.9 +19.2 +19.7 +20.6 +214 +20.6 +201 +19.3 +19.0 +20.2 +26.5
CSNP5.5 821 78.3 80.4 721 78.3 80.9 79.2 78.3 80.9 80.2 75.6 77.0
* +224 +20.3 +19.6 +284 +20.0 +226 +233 +21.0 +23.8 +23.6 +25.0 +344
CSNP7 79.5 81.6 79.3 79.4 82.8 86.1 81.9 79.8 79.9 78.4 83.9 91.0
+21.8 +221 +21.6 +21.4 +21.2 +24.0 +20.3 +19.5 +19.2 +20.5 +221 +25.1

Supplementary table 1. Morphological characteristics analyses. Size distribution of SNP and CSNPs synthesized
under various APTES ratios and equivalents. The size distribution were measured using a DLS. The samples were
suspended in distilled water.
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Supplementary table 2

{ Unit: mg)

Group 1 ( Dye:APTES =1:50)

Group 2 ( Dye:APTES =1:100)

0.05 0.1 0.2 0.5 1.0 2.0 0.05 0.1 0.2 0.5 1.0 2.0
SNP 427.8 4416 4370 4315 4490 4465 466.4 4435 4550  449.7  447.9 4400
CSNP3.5 6220 5034 5031  507.8 5200  538.2 521.6 5112  531.4 5281 5687  614.0
CSNP5.5 4859 4699 4868 4824 5103 5271 491.6 4775 4756 4850 4935 5386
CSNP7 436.8 439.2 424.3 460.0 454.3 5104 395.1 382.5 387.0 431.1 4471 517.0

Supplementary table 2. Yield of SNP and CSNPs synthesized under various APTES ratios and equivalents.
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Supplementary table 3

(Unit: mV)
Group 1 ( Dye:APTES =1:50) Group 2 ( Dye:APTES =1:100)

0.05 0.1 0.2 0.5 1.0 2,0 0.05 0.1 0.2 0.5 1.0 2.0

SNP -39.8 -40.0 -39.2 -37.6 354 20.6 401 -40.1 -39.9 -34.8 27.9 -16.2
£5.0 +44 +43 £5.0 +44 43 £50 +48 49 +43 +46 +36

CSNP3.5 -39.6 -40.4 -39.2 -36.6 -35.0 -25.8 434 -43.0 -41.7 -38.9 -33.0 -14.6
- +8.8 £63 £ 5.1 £6.5 +58 45 £57 £7.0 £59 £5.0 +42 +28
CSNP5.5 -39.6 -38.9 -37.9 -35.7 347 26.3 415 -40.5 -39.8 -35.4 202 9.7
- 47 £7.0 +50 £6.7 £76 £50 +38 £52 £66 +39 +43 £35
CSNP7 -40.5 -38.0 -39.0 -37.4 -36.4 253 -37.8 3741 -36.7 -33.5 27.3 74
£6.1 +46 +6.0 £6.1 £56 £6.0 +59 6.4 £59 +54 +46 +341

Supplementary table 3. Surface charge of CSNPs. The zeta potentials of CSNPs synthesized under various
APTES ratios and equivalents were measured using a DLS. The samples were suspended in distilled water with
2.5 mg/ml concentration and titrated to pH 7.4.
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Supplementary figure 3
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Supplementary figure 3. Protocol illustration of calculating encapsulation. The supernatant is separated through
centrifugation after overnight reaction. The absorbance of supernatant was measured using a UV-Vis spectrometer.
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(a)

Group 1. [ Dye 1 : APTES 50 ]

(b)

Group 2.[ Dye 1 : APTES 100]

CSNP3.5 CSNP3.5

Inputdye  Encapsulated dye Encapsulation Inputdye  Encapsulated dye Encapsulation
Dye APTES TEOS Absorbance (umol) (umol) (%) Dye APTES TEOS Absorbance (umol) (umol) %)
0.05 25 5000 0.033 0.089 0.081 90.59 0.05 5 5000 0.042 0.089 0.080 80.75
0.1 5 5000 0.059 0.178 0.160 80.93 0.1 10 5000 0.061 0.178 0.162 91.07
0.2 10 5000 0.095 0.356 0.325 91.23 0.2 20 5000 0.086 0.356 0.331 93.05
0.5 25 5000 0.100 0.890 0.823 92.52 0.5 50 5000 0.214 0.890 0.819 92.08
1.0 50 5000 0.179 1.780 1.655 92.99 1.0 100 5000 0.335 1.780 1.666 93.60
2.0 100 5000 0.384 3.560 3.284 92.25 2.0 200 5000 0.686 3.560 3.320 93.27
CSNP5.5 CSNP5.5

Inputdye  Encapsulated dye Encapsulation Inputdye  Encapsulated dye Encapsulation
Dye APTES TEOS Absorbance

)y (umol) (umol) %) Dye APTES TEOS Absorbance (umol) (umol) %)

0.05 25 5000 0.068 0.086 0.082 95.03 0.05 5 5000 0.062 0.086 0.078 91.07
0.1 5 5000 0.111 0.172 0.161 93.79 0.1 10 5000 0.110 0.172 0.155 90.14
0.2 10 5000 0.201 0.344 0.320 93.00 0.2 20 5000 0.204 0.344 0.309 80.73
0.5 25 5000 0.255 0.860 0.795 92.50 0.5 50 5000 0.191 0.860 0.827 96.18
1.0 50 5000 0.504 1.720 1.581 91.04 1.0 100 5000 0.384 1.720 1.649 95.91
2.0 100 5000 1.292 3.439 3.065 80.13 2.0 200 5000 0.780 3.439 3.292 95.71
CSNP7 CSNP7

Inputdye  Encapsulated dye Encapsulation Inputdye  Encapsulated dye Encapsulation
Dye APTES TEOS Absorbance (umol) (umol) (%) Dye APTES TEOS Absorbance (umol) (umol) %)
0.05 25 5000 0.116 0.090 0.080 80.02 0.05 5 5000 0.104 0.090 0.079 88.12
0.1 5 5000 0.186 0.180 0.160 88.82 0.1 10 5000 0.185 0.180 0.156 86.94
0.2 10 5000 0.383 0.360 0.311 86.37 0.2 20 5000 0.380 0.360 0.305 84.88
0.5 25 5000 0.433 0.900 0.787 87.45 0.5 50 5000 0.429 0.900 0.775 86.16
1.0 50 5000 0.899 1.799 1.550 86.12 1.0 100 5000 0.902 1.799 1.525 84.75
2.0 100 5000 1.920 3.598 3.049 84.74 2.0 200 5000 1.790 3.508 3.042 84.54
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Group 1. [ Dye 1 : APTES 50 ] Group 2. [ Dye 1 : APTES 100 ]

0.05 0.1 0.2 0.5 1.0 2.0 0.05 0.1 0.2 0.5 1.0 2.0

SNP 66.1 66.9 67.0 68..3 64.9 65.4 7.9 70.3 68.2 .7 711 68.9
7.7 +9.7 +10.1 +10.4 +9.1 +8.4 +10.4 +8.8 +10.2 +10.4 +10.0 +11.0

CSNP3.5 64.5 68.1 64.4 68.4 64.9 73.0 68.9 70.1 73.3 66.4 71.2 76.1
b + 8.6 +9.7 +10.6 +10.4 +9.1 +10.7 +8.1 +10.2 +10.0 +10.3 +12.5 +13.4

CSNP5.5 82.3 77.8 80.1 77.2 78.2 78.4 76.1 713 69.0 69.7 73.6 81.8
b 74 +6.8 + 6.7 + 8.0 7.6 +93 +10.1 +9.9 +9.0 +9.4 +10.8 +17.0

71.4 74.9 70.7 70.7 75.5 7.7 67.5 67.2 68.5 72.2 70.6 75.3

CSNP7 +9.2 +10.3 +9.5 7.7 *+ 11.6 +14.3 1141 +10.8 +11.5 *+14.6 +13.6 +14.





