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1) Synthesis and characterization of the porphyrin derivatives

TPPNH2 and its Zn (II) derivative ZnTPPNH2 are the key scaffolds to be derivatized with 

sulphur containing groups linkable to gold, which was accomplished by reaction with lipoic 

acid to give ATPP-LA and ZnATPP-LA, respectively (Scheme S1).

The synthesis of TPPNH2, was performed according to modifications of methods 

previously described in the literature1–3 (see Scheme S1). In the synthesis of ZnTPPNH2
4 

an excess of zinc acetate was added to a solution of TPPNH2 in MeOH/CHCl3. 

Subsequently both porphyrins (TPPNH2 and ZnTPPNH2) were treated with one 

equivalent of lipoic acid (LA) in presence of DCC and HOBT to give porphyrins ATPP-

LA1 and ZnATPP-LA in good yields (87% and 93% respectively) as we can see in Scheme 

1.

Unexpectedly, the coupling of the lipoic acid to TPPNH2 afforded a product where 

oxidation of the sulphur atoms had occurred, as indicated by Mass Spectrometry and 

Elemental Analysis. The oxidation of disulphide groups has been reported in literature.5,6 

Due to the oxidation of the disulphide group in the product ATPP-LA1, an additional 

reduction step using NaBH4 was necessary to obtain ATPP-LA (Scheme S2). All 

porphyrins synthesized had a high degree of purity.
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5,10,15,20-tetrakis(4-biphenyl)porphyrin (TPP)1 (Scheme S1)

TPP was obtained in 70% yield by refluxing equivalent amounts of pyrrole and 

benzaldehyde in propionic acid, following the Adler-Longo method.1

5-(4-nitrophenyl)-10,15,20-triphenylporphyrin (TPPNO2)2 (Scheme S1)

TPP (0.5 g) was added to a solution of trichloroacetic acid (15 g) in DCM (50 mL), and 

then concentrated HNO3 (156 µl, 65%) was added dropwise, using an external ice bath. 

The mixture was stirred for 3 min. The reaction was quenched with water (100 mL), and 

the mixture was neutralized with ammonium hydroxide (28%) to pH =7 (the color of the 

reaction changed from green to brown). The product was extracted with DCM (2 x 100 

mL), and the organic layer was washed with water (3 x 50 mL) and dried over sodium 

sulfate anhydrous and then concentrated under vacuum. The residue was purified on 

aluminum oxide basic using for elution chloroform to give TPPNO2 as a brown solid (340 

mg, 65%): m.p.˃ 300 °C, rf = 0.68 in chloroform. UV-vis λmax (DCM)/nm 421, 518, 552, 

592 and 648. 1H-NMR (400 MHz, CDCl3; 25 °C): δ ppm= -2.75 (s, 2H, -NH), 7.81-7.76 

(m, 9H, Ar-H), 8.40-8.21 (m, 6H, Ar-H), 8.42 (d, J= 3.8 Hz, 2H, nitrophenyl), 8.64 (d, J = 

3.8 Hz, 2H, nitrophenyl), 8.74 (d, J = 4.4 Hz, 2H, β-pyrrole), 8.87 (s, 4H, β-pyrrole), 8.90 

(d, J = 4.4 Hz, 2H, β-pyrrole). MALDI-ToF-MS m/z (%)= 659.1 (100) [M]+.

5-(4-Aminophenyl)-10,15,20-triphenylporphyrin (TPPNH2)3 (Scheme S1)

TPPNO2 could be easily reduced to the corresponding amino-porphyrin (TPPNH2) by the 

Kruper method with a good yield of 98%.

Zn(II) 5-(4-Aminophenyl)-10,15,20-triphenylporphyrin (ZnTPPNH2)

In the synthesis of ZnTPPNH2
4 (Scheme 1), an excess of zinc acetate was added to a 

solution of TPPNH2 in MeOH/CHCl3. The reaction was monitored by UV-visible 

absorption spectroscopy: the porphyrins present a characteristic absorption spectrum 

consisting of an intense Soret band and 4 or 2 less intense so-called Q bands. In the case of 

the TPPNH2, the absorption spectrum shows four Q bands (Figure S3) that upon 

coordination with Zn (II), are replaced by two Q bands (Figure S4) due to the presence of 

Zn in the core, thus indicating the formation of ZnTPPNH2.
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Zn (ll) 5-(4-Aminophenyl)-10,15,20-triphenylporphyrin (ZnTPPNH2)4

A solution of TPPNH2 (63 mg, 0.1 mmol) in CHCl3 (30 mL) was heated to reflux under an 

argon atmosphere. A solution of Zn(OAc)2·2H2O (417 mg, 1.8 mmol) in MeOH (15 mL) 

was added dropwise, and the whole was refluxed for 24 h. The mixture was washed with a 

saturated solution of 5% NaHCO3 (50 mL). Then the product was extracted with DCM (2 

x 50 mL), and the organic layer was washed with water (2 x 50 mL) and dried over sodium 

sulfate (99%) and the organic layer was evaporated under reduced pressure and the crude 

product purified by column chromatography (SiO2, DCM) to afford a purple solid (110 mg, 

84%): m.p. ˃ 300 °C, rf = 0.47 in chloroform. UV-vis (DCM) λmax 429, 556, 598 nm 1H-

NMR (400 MHz, CDCl3, 25 °C): δ ppm= 3.89 (s, 2H, amino), 7.01 (d, J = 8.0 Hz, 2H, 4-

aminophenyl), 7.76-7.74 (m, 9H, Ar-H), 7.97 (d, J = 8.2 Hz, 2H, 4-aminophenyl), 8.23-

8.21 (m, 6H, Ar-H), 8.93 (s, 6H, β-pyrrole), 9.04 (d, 2H, J = 4.5 Hz, β-pyrrole). MALDI-

ToF-MS: m/z (%)= 691.1 (100) [M]+.
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Fig S1. UV-visible absorption spectra of the TPPNH2 (3 μM) recorded in DCM.

Fig S2. UV-visible absorption spectra of the ZnTPPNH2 (5 μM) recorded in DCM.
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Fig S3. 1H-NMR spectrum of TPPNO2 recorded in CDCl3 at 400 MHz.

Fig S4. MALDI-ToF -MS (m/z) spectrum of TPPNO2 with DHB as matrix.
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Fig S5. 1H-NMR spectrum of ATPP-LA1 recorded in CDCl3 at 400 MHz.

Fig S6. MALDI-ToF -MS (m/z) spectrum of ATPP-LA1 with DHB as matrix.
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Fig S7. HMRS-ESI spectrum (m/z) spectrum of ATPP-LA1.

Fig S8. 1H-NMR spectrum of ZnTPPNH2 recorded in CDCl3 at 400 MHz.
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Fig S9. MALDI-ToF -MS (m/z) spectrum of ZnTPPNH2 with DHB as matrix.

Fig S10. 1H-NMR spectrum of ZnATPP-LA recorded in CDCl3 at 400 MHz.
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Fig S11. MALDI-ToF -MS (m/z) spectrum of ZnATPP-LA with DHB as matrix.

Fig S12. HMRS-ESI spectrum (m/z) spectrum of ZnATPP-LA.
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Fig S13. UV-visible absorption spectra of TPPNO2 (5 μM) recorded in DCM.

Fig S14. UV-visible absorption spectra of the ATPP-LA1 (2 μM) recorded in DCM.
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Fig S15. UV-visible absorption spectra of the ATPP-LA (10 μM) recorded in DCM.

Fig S16. UV-visible absorption spectra of the ZnATPP-LA (10 μM) recorded in DCM.
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2) Fabrication of gold coated nanorods and bifunctional microparticles

2.1. Gold coated nanorods

Fig S17. Schematic representation of the fabrication process of the CoNi@Au NRs. (a) 

Electrochemical synthesis of CoNi NRs in the interior of a gold-coated polycarbonate 

membrane (100 nm of nominal pore’s diameter) by means of potentiostatic method. (b) 

CoNi NRs grown in the channels of the polycarbonate membrane. (c) Removing of the 

NRs by dissolution of both gold coating and polycarbonate membrane. (d) Formation of a 

gold shell in the surface of the CoNi NRs by means of galvanic displacement procedure.7



17

2.2. Bifunctional microparticles

Fig S18. Fabrication process of the Polysilicon–Chromium–Gold chips.

a) Chips were fabricated using a 100 mm-diameter silicon wafer as a main substrate. b) A 

1 µm silicon oxide layer was deposited as a sacrificial layer by plasma enhanced chemical 

vapor deposition process (PECVD). c) A 400 nm-thick polysilicon layer was deposited as 

a first device material by low pressure chemical vapour deposition process (LPCVD). d) A 

photoresist layer was spun and exposed to UV light to pattern the devices. e) Next, a 

chromium layer of 30 nm-thick was deposited by a sputtering process to improve the 

adherence between the polysilicon and gold main device layers. f) Then, a 100 nm-thick 

gold layer was also sputtered as a second device material. g) A lift-off process was 

performed to remove the chromium and gold layers from the undesired areas. h) 

Subsequently, the polysilicon layer was patterned using the chromium and gold layers as a 

mask. i) Finally, the silicon oxide sacrificial layer was etched by a 49% HF vapors to 

release the Polysilicon–Chromium–Gold chips and collected in ethanol.8
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3) Characterization of the different vehicles loaded with porphyrins
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Fig S19. Fluorescence emission spectra (excitation at 590 nm) of ATPP-LA (0.01 mg mL-

1) in CHCl3 and the ATPP-LA-GNP (0.3 mg mL-1) recorded in water at 25°C.
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Fig S20. Fluorescence emission spectra (excitation at 550 nm) of ZnATPP-LA (0.02 mg 

mL-1) in CHCl3 and the ZnATPP-LAGNP (0.2 mg mL-1) recorded in water at 25°C.
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Fig S21. UV-vis absorption spectra of: a) ATPP-LA-GNP (0.11 mg mL-1) recorded in 

water and b) ZnATPP-LA-GNP (0.18 mg mL-1) recorded in water. Inserts: magnification 

of the corresponding Q band region.
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Fig S22. a) UV-vis absorption spectra of ATPP-LA at different concentrations (0.5-10 

µM) in DCM and b) corresponding calibration curve.
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Fig S23. a) UV-vis absorption spectra of ZnATPP-LA at different concentrations (0.5-10 

µM) in DCM and b) corresponding calibration curve.
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Table S1. Calculation of number of molecules of porphyrin/GNP, with data used for the 

calculation

Porphyrina

Soret 

band

(nm)

Abs

Soret 

band

Abs

480 nm

Normalized

Absc

ε

(M-1 cm-1)

[porphyrin]

(M)

ATPP-LA 422 0.7079 0.0684 0.6394 2.17x 104 2.94x 10-5

ZnATPP-LA 418 0.8598 0.0857 0.7740 8.28 x 104 9.35x 10-6

GNPa Abs SPR Abs450 nm d(nm)b ε (M-1 cm-1)
[GNP]

(M)

Molecules of

porphyrin/G

NP

ATPP-LA-

GNP
0.1226 0.1084 10 6.15 x 107 1.76 x 10-9 1.67 x 104

ZnATPP-

LAGNP
0.2057 0.2047 9.5 6.15 x 107 3.33 x 10-9 2.81 x 103

a Absorbance peaks and values were obtained from the UV-visible absorbance spectra of 

free porphyrins and GNP.
b Diameter obtained by TEM.
c Normalization of the Soret Band peak absorbance of the porphyrin was applied because 

of the influence on the spectra of the GNP SPR peak.
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Fig S24. Thermogravimetric curves of (a) ATPP-LA, (b) ATPP-LA-NR and (c) ZnATPP-

LA-NR under nitrogen atmosphere (N2 flow: 50 mL min-1) for 1 mg of each sample.
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Scheme S3. Functionalization of the bifunctional microparticles: first, the microparticles 

are treated with piranha solution (H2SO4/H2O2 7:3) to clean organic material from the 

surface and also to activate the polysilicon surface. Then, the sulfur-containing molecule 

(ATTP-LA, ZnATPP-LA or MHEG) were added to form the monolayer on the gold 

surface. Afterwards, the silane containing PEG groups is added to form the monolayer on 

the polysilicon surface.
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4) Singlet oxygen production
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Fig S25. Fluorescence intensity decay of ABMA after irradiation: a) ABMA without 

porphyrin, b) and c) ABMA with free porphyrin ATPP-LA or ZnTPP-LA in DMSO at 25 

°C, d) and e) with GNP ATPP-LA-GNP or ZnATPP-LA-GNP in water at 25 °C.
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Fig 26. Percentage of fluorescence emission decay of ABMA due to photobleaching. The 

measures were carried out at 431 nm, in the presence of a) ATPP-LA1, b) ATPP-LA and 

ATPP-LA-GNP, c) ZnATPP-LA and ZnATPP-LA-GNP. An ABMA solution without 

any porphyrin present was used as control. The concentration of porphyrin was 3 μM in all 

cases.
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5) In vitro cytotoxicity and internalization studies
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Fig S27. Cytotoxicity data of functionalized GNP with PEG-containing thiol using HeLa cell 

line. Results displayed as average with error bars corresponding to standard deviation, 

obtained for n=3 independent experiments.
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Fig S28. Cytotoxicity data of functionalized µP with PEG-containing thiol using HeLa cell 

line. Results displayed as average with error bars corresponding to standard deviation, 

obtained for n=3 independent experiments.
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Fig S29. Cytotoxicity data of TPPNH2 and ZnTPPNH2 using HeLa cell line. Results 

displayed as average with error bars corresponding to standard deviation, obtained for n=3 

independent experiments.
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Fig S30. Cytotoxicity data of ATPP-LA-GNP and ZnATPP-LA-GNP using HeLa cell 

line. Results displayed as average with error bars corresponding to standard deviation, 

obtained for n=3 independent experiments.
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Fig S31. Cytotoxicity data of ATPP-LA-NR and ZnATPP-LA-NR using HeLa cell line. 

Results displayed as average with error bars corresponding to standard deviation, obtained 

for n=3 independent experiments.

Fig S32. Cytotoxicity data of ATPP-LA-µP and ZnATPP-LA- µP using HeLa cell line. 

Results displayed as average with error bars corresponding to standard deviation, 

obtained for n=3 independent experiments.
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