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Figure S1: SEM image of MSNs. 

 

 

Table S1. XPS data of mesoporous silica nanoparticles in water.  

Name Shell 
XPS (% At rel) 

C O Si N 
NH-MSN NH2/OH 23.6 46.0 25.4 5.0 

CN-MSN CN/OH 38.8 36.6 19.2 5.2 

COOH-MSN COOH/OH 25.5 50.4 24.1 - 
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Figure S2. Infrared spectra of NH-MSN (black), CN-MSN (red) and COOH-MSN (blue) and from 
2500 cm-1 to 2150 cm-1 (inset). 
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Figure S3. Normalized absorption spectra of folic acid (blue) and RB-PEG-NP-d (purple) in 
aqueous solution (0.5 mg/mL).  

Table S2. Photophysical parameters and singlet oxygen quantum yields for graftable-PSs; 
absorption maxima (λab), molar absorption coefficient (εmax), fluorescence maxima (λfl), 
fluorescence quantum yield (Φfl), fluorescence lifetime (τfl), singlet oxygen quantum yield (ΦΔ) 
and Phototoxic Power (PP =  ɛ x ΦΔ). 

 λab 
(nm) 

εmax 

10-4 

(M-1 cm-1) 

λfl 

(nm) Φfl τfl 

(ns) ΦΔ 
PP 
10-4 

(M-1 cm-1) 

BDP1 447.0 4.3 513.5 0.01 0.21 0.79 3.40 

BDP2 535.0 5.3 549.0 0.03 0.28 0.95 5.04 

BDP3 534.0 7.1 547.0 0.03 0.28 0.93 6.60 

BDP4 511.0 10.3 526.0 0.02 0.03 (94%) 
3.57 (6%) 0.77 7.96 

BDP5 511.0 15.2 532.0 0.02 0.02 (97%) 
3.88 (3%) 0.84 12.79 

RB* 556.0 9.8 578.0 0.10 0.56 0.86 8.43 

BDP6 675.0 5.2 709.0 0.20 2.04 0.44 2.29 

BDP7 675.0 7.9 715.0 0.21 2.05 0.46 3.63 

Th* 600.0 3.3 621.0 0.06 0.50 0.79 2.61 

C6* 
401.0 
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Figure S4. Cell viability (MTT assay) of HeLa cells exposed to the nanosystem BDP1-NP, in dark 
conditions (blue) and after blue irradiation at 10 J/cm2 (red). Stars indicate significant differences 
with respect to controls. Asterisks indicate significant differences between dark and light 
conditions at the same concentration. 

 

 

 

 

 

 

  
Figure S5. Cell viability (MTT assay) of HeLa cells exposed to the nanosystem BDP4-NP, in dark 
conditions (blue) and after green irradiation at 10 J/cm2 (red). Stars indicate significant differences 
with respect to controls. Asterisks indicate significant differences between dark and light 
conditions at the same concentration. 
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Table S3. EC50 in HeLa cells treated with PSs with carboxylic group for 24 h given as PS 
concentration. 

 Dark (x 10-7M) Light (x 10-7M) 

RB - 10.40 

BDP2 39.2 < 1 

BDP4 - 41.90 

BDP6 39.8 < 1 

C6 81.0 6.85 

-: not cytotoxic 

 

 

 

Table S4. EC50 in HeLa cells treated with PS-NPs for 24 h given as PS concentration. 

 Dark (x 10-7M) Light (x 10-7M) 

RB-PEG-NP-d - 5.45 

BDP1-NP -  10.07 

BDP3-NP - 4.06 

BDP4-NP 33.46 4.43 

BDP5-NP - 1.12 

BDP6-NP - < 1 

C6-NP - 53.40 

-: not cytotoxic 
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Figure S6. Fluorescence microscopy images (λex = 640 nm and λem = 645-700 nm) of HeLa cells 
treated with 1 µM BDP6-NP for 24 h. Scale bars = 100 µm. 
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Synthesis of new BODIPY-based PSs 
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Scheme S1. Synthesis of BODIPYs BDP1-BDP7. Reaction conditions: i) NH2-(CH2)3-Si(OEt)3, 
CH3CN/CH2Cl2 (1:1), rt; ii) APTES, TEA, EDC, HOBt, CH2Cl2, rt; iii) 2,4-dimethylpyrrole, TFA, 
DDQ, TEA, BF3. Et2O, CH2Cl2, rt; iv) 3,4-dimethoxybenzaldehyde, piperidine, AcOH, DMF, 80 
ºC, MW [1–5]. 
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Figure S7. Synthesis of NH-MSN. 

 

 

TEOS
CTAB 

NH4OH
H2O:EtOH

T=60 ºC

TEOS 
+

CTES

T=60 ºC T=25 ºC

5 h 24 h 12 h 24 h

A B C D E F

HCl

19000 rpm
15 min

 
Figure S8. Synthesis of CN-MSN. 
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Figure S9. Synthesis of COOH-MSN from CN-MSN. 
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Scheme S2. Folic acid (FA) structure and their derivate FA-HDA-Boc and FA-HDA. Procedure: 
the edged carboxyl group was modified with N-Boc-1,6-hexanediamine (Boc-HDA) and the 
amine groups (FA-HDA) is obtained after removing Boc group, according to the reference.[6] 
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Figure S10. Synthesis of folic acid derivate FA-HDA-Boc. 
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Figure S11. Deprotection of FA-HDA-Boc to obtain FA-HDA. 



S10 
 

 

 

Figure S12. An example of the light irradiation to the HeLa cells by the green light (λab 518 nm) 
devices: LED Par 64 Short Q4-18 (Showtec, Burgebrach, Holland). 
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1H NMR and 13C NMR spectra 

1H NMR (300 MHz, CDCl3) and 13C NMR (75 MHz, CDCl3) spectra of BDP3 
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1H NMR (300 MHz, CDCl3) and 13C NMR (75 MHz, CDCl3) spectra of BDP4 
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1H NMR (300 MHz, CDCl3) and 13C NMR (75 MHz, CDCl3) spectra of BDP5 
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1H NMR (700 MHz, CDCl3/CD3OD 4:1) and 13C NMR (176 MHz, CDCl3/CD3OD 4:1) spectra of 

BDP6 
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1H NMR (700 MHz, CDCl3) and 13C NMR (176 MHz, CDCl3) spectra of BDP7 
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