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Experimental Section

Materials and Methods

All the chemicals used in this work were purchased from commercial sources and used as 

received. Solvents were dried by distilling over suitable dehydrating agents according to 

standard procedures. Purification of the compounds was performed by column chromatography 

with 100-200 mesh silica gel. 1H NMR spectra were recorded in an NMR spectrometer 

operating at 400.00 MHz. The chemical shifts were calibrated from the residual peaks observed 

for the deuterated solvent chloroform (CDCl3) at δ 7.26 ppm for 1H and 13C NMR spectra. 
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High-resolution matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass 

spectra were obtained with a Bruker Autoflex MALDI-TOF mass spectrometer. The optical 

absorption and emission spectra of the porphyrins were measured for the freshly prepared air 

equilibrated solutions (10 µM) at room temperature by using UV-Vis spectrophotometer and 

spectrofluorimeter, respectively. Cyclic voltammetry experiments were conducted on an 

electrochemical workstation (CHI660C Instruments, China) with standard three-electrode cell. 

A glassy carbon working electrode, a nonaqueous Ag/Ag+ reference electrode, and a platinum 

wire counter electrode were used for the measurements. It was measured at room temperature 

in THF solution (100 µM). Tetrabutylammonium hexafluorophosphate (0.1 M) was used as the 

supporting electrolyte. Ferrocene (100 µM) was added as the internal reference. Agilent 7900 

quadrupole inductively coupled plasma-mass spectrometer (ICP-MS) was employed for the 

elemental analysis. 1000 mg/mL Pt single element standard (Inorganic ventures, VA, USA) 

and Milli-Q water (18.2 MΩ cm) were employed in preparation of the solutions for ICP-MS 

analysis. All solutions we prepared in 2% HNO3 and diluted to concentration below 50 mg/L 

before analysis.

Preparation of photocatalytic systems

A multichannel photochemical reaction system fixed with LED white light (PCX50B, 148.5 

mW/cm2) was used as the light source. The PHE evolution experiments were performed in a 

quartz vial reactor (20 mL) sealed with a rubber septum, gas-closed system, at ambient 

temperature and pressure. Initially, 10 µM of porphyrins in THF/H2O (2:1; v/v) solution 

sonicated for 5 min and 0.4 M of TEA was added. The resulting solution was purged with argon 

gas for 15 min to ensure anaerobic conditions and then it was placed in a multichannel 

photochemical reaction system. After 1 h of irradiation, the released gas (400 μL) was collected 

by syringe from the headspace of the reactor and was analyzed by gas chromatography 

(Shimadzu, GC-2014, Japan, with ultrapure Ar as a carrier gas) equipped with a TDX-01(5 Å 
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molecular sieve column) and a thermal conductivity detector (TCD). Eventually, the total 

content of PHE was calculated according to the standard curve.

Photoelectrochemical Measurement

The transient photocurrent response (I–t curves) studies were performed using an 

electrochemical workstation (CHI660C Instruments, China) with a Pt wire (counter electrode), 

a non-aqueous Ag/AgNO3 (reference electrode) and fluorine-doped tin oxide (FTO) glass 

coated with porphyrins on the conductive surface (working electrode) upon irradiation of LED 

monochromatic point lamp (3 W, 420 nm). The light spot effective area on the working 

electrode was set as 28.26 mm2. Typically, the working electrode was prepared by drop-casting 

a 100 μM solution of porphyrins on the conductive surface of the FTO glass. A 5 mL volume 

of 0.5 M Na2SO4 aqueous solution acted as the electrolyte. The open-circuit voltages were set 

as the initial bias voltages in the transient photocurrent response tests.

Nanosecond transient absorption spectra

The nanosecond transient absorption spectra were measured with an LP980 laser flash 

photolysis spectrometer (Edinburgh Instruments, U.K.). The samples were excited with a 

nanosecond pulsed laser (OPOLette 355II) with tunable wavelength in the range of 210−2400 

nm (OPOTEK, USA). The transient signals were digitized with a Tektronix TDS 3012B 

oscilloscope, and the typical laser energy is ca. 5 mJ per pulse. The triplet-state lifetimes were 

obtained with the L900 software. All samples were deaerated with nitrogen (N2) for about 15 

min before measurement. Triplet state quantum yield was determined with the ground state 

bleaching method, with TPP as standard (T = 0.85 in THF), according to eq 1. In the equation, 

“sam” and “std” represent the sample and standard, respectively. Φ is the triplet-state quantum 

yield, ε is the molar absorption coefficient of the ground state determined by UV−vis absorption 
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spectra, ΔA is the optical density of the ground-state bleaching band determined by nanosecond 

transient absorption spectra.

  (eq. 1)

Singlet oxygen quantum yield ()

The singlet oxygen quantum yield () was measured with 1,3-diphenylisobenzofuran (DPBF) 

as the 1O2 scavenger, [Ru(bpy)3]Cl2 as standard (∆ = 0.57 in ACN) as standard, according to 

equation 2.

(eq.2)

In the above equation, ‘sam’ and ‘std’ represent the sample and the standard. Φ, A, m and η 

represent the singlet oxygen quantum yield, the absorbance at excitation wavelength, the slope 

of the plot of the absorbance of DPBF changes over photo-irradiation time, and the refractive 

index of the solvent used for measurement, respectively. Optically matched solutions were used 

(the solutions of the sample and the standard give same absorbance at the excitation 

wavelength).

Density functional theory calculations

Density Functional Theory (DFT) calculations were used for geometry optimization and the 

frontier molecular orbitals (in a vacuum) of the complexes. All the calculations were performed 

with the Gaussian 09W program. The geometry optimization of the ground state was performed 

at the B3LYP/6-31G(d) level for C, H, N and O atoms and at B3LYP/GENECP level for Pt 

atoms. No imaginary frequency was observed for the computations.

Synthesis
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Platinum(II)-tetraphenylporphyrin (PtTPP) was prepared for comparison.1

PtD(p-NI)PP:

A mixture of PtCl2 (61 mg, 0.23 mmol) and benzonitrile (15 mL) was bubbled with N2 for 20 

min and heated at 100 ˚C for 1 h under a N2 atmosphere. To this mixture, free-base porphyrin 

D(p-NI)PPH2 (50 mg, 0.05 mmol) was added and the mixture was refluxed until the free-base 

porphyrin disappeared (ca. 2.5 h). After completion of the reaction, benzonitrile was removed 

under reduced pressure. The resulting crude black solid containing product was purified by 

column chromatography with silica gel using CHCl3/hexane (1:1, v/v) as eluant. Orange color 

solid; yield: 58 mg, 92.0%. 1H NMR (CDCl3, 400.00 MHz) δ 0.88-1.02 (m, 12 H), 1.37-1.48 

(m, 16 H), 2.01-2.08 (m, 2 H), 4.17-4.28 (m, 4 H), 7.89-7.92 (m, 6 H), 8.06 (d, J = 7.6 Hz, 2 

H), 8.36 (d, J = 7.6 Hz, 4 H), 8.68-8.82 (m, 6 H), 9.04 (d, J = 4.8 Hz, 4 H), 9.25 (d, J = 4.8 Hz, 

4 H), 10.15 (s, 2 H) ppm. 13C NMR (CDCl3, 100.00 MHz) δ 10.83, 14.25, 23.23, 24.23, 28.87, 

30.92, 38.09, 44.32, 119.08, 120.43, 120.56, 122.05, 123.10, 126.80, 127.10, 127.86, 128.26, 

128.32, 128.90, 130.14, 131.00, 131.37, 132.58, 134.68, 134.89, 138.20, 142.18, 142.60, 

146.45, 164.57, 164.73. MALDI–TOF; m/z calculated for C72H62N6O4Pt: 1270.4497 found 

1270.4440.
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Scheme S1. Synthetic route for the preparation of the Pt(II)-porphyrins.

PtT(p-NI)PP:
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A mixture of PtCl2 (30 mg, 0.12 mmol) and benzonitrile (15 mL) was bubbled with N2 for 20 

min and heated at 100 ˚C for 1 h under a N2 atmosphere. To this mixture, free-base porphyrin 

T(p-NI)PPH2 (50 mg, 0.03 mmol) was added and the mixture was refluxed until the free-base 

porphyrin disappeared (ca. 4.0 h). After completion of the reaction, benzonitrile was removed 

under reduced pressure. The resulting crude black solid containing product was purified by 

column chromatography with silica gel using CHCl3/hexane (1:1, v/v) as eluant. Orange color 

solid; yield: 57 mg, 94.0%. 1H NMR (CDCl3, 400.00 MHz) δ 0.91-1.01 (m, 24 H), 1.33-1.49 

(m, 32 H), 2.00-2.07 (m, 4 H), 4.16-4.27 (m, 8 H), 7.87-7.91 (m, 4 H), 7.95 (d, J = 8.0 Hz, 8 

H), 8.08 (d, J = 7.6 Hz, 4 H), 8.41 (d, J = 8.0 Hz, 8 H), 8.69 (dd, J = 8.4, 1.2 Hz, 4 H), 8.75 

(dd, J = 7.2, 1.2 Hz, 4 H), 8.82 (d, J = 7.6 Hz, 4 H), 9.01 (s, 8 H). 13C NMR (CDCl3, 100.00 

MHz) δ 10.79, 14.21, 23.18, 24.19, 28.82, 30.88, 38.06, 44.32, 119.46, 119.60, 120.93, 122.12, 

123.13, 126.89, 127.14, 128.02, 128.28, 128.41, 128.92, 130.14, 131.01, 131.41, 132.50, 

134.71, 134.95, 138.37, 141.97, 142.39, 142.43, 146.34, 164.54, 164.70. MALDI–TOF; m/z 

calculated for C124H112N8O8Pt: 2036.8274 found 2036.8246.
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DFT calculations

Table S1. Calculated electronic transition properties of the low-lying electronic excited states 

of porphyrin compounds based on B3LYP/GENECP/LANL2DZ level.

Compound States Electronic 
transition

Energy a 
[eV / nm]

f b Composition c CI d

PtT(p-NI)PP Singlet S0S1 2.47 / 503 0.0216 HL 0.4856

S0S2 3.24 / 383 1.8271 H1L 0.3404

S0S3 3.35 / 370 0.0063 H3L2 0.5691

Triplet S0T1 1.85 / 672 0.0000 HL 0.5289

S0T2 2.16 / 574 0.0000 H1L 0.5502

S0T3 2.25 / 552 0.0000 H5L4 0.3474

PtD(p-NI)PP Singlet S0S1 2.52 / 491 0.0032 HL2 0.4777

S0S2 2.81 / 441 0.1344 HL 0.5306

S0S3 3.30 / 376 2.3714 H1L2 0.4220

S0S4 3.57 / 347 0.0440 H4L1 0.4476

Triplet S0T1 1.88 / 659 0.0000 HL3 0.4776

S0T2 2.24 / 553 0.0000 H4L1 0.4396

a Only the selected low-lying excited states are presented. b Oscillator strengths. c Only the 

main configurations are presented. d The CI coefficients are in absolute values.
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Fig. S1 Jablonski energy diagram of PtT(p-NI)PP based on the computation at 

B3LYP/GENECP/LANL2DZ level. Ethylhexyl chains were modified to methyl groups for 

simplicity.

Fig. S2 Jablonski energy diagram of PtD(p-NI)PP based on the computation at 

B3LYP/GENECP/LANL2DZ level. Ethylhexyl chains were modified to methyl groups for 

simplicity.
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Fig. S3 Theoretically calculated energy level alignments of PtT(p-NI)PP and PtD(p-NI)PP.
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Fig. S4 Cyclic voltammograms of Pt(II)-porphyrins recorded in THF solution (100 µM) at 

room temperature under an argon atmosphere.
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Fig. S5 Photoluminescence lifetime spectra of PtD(p-NI)PP and PtT(p-NI)PP recorded in 

THF/H2O (2:1; v/v) solution at room temperature under an argon atmosphere.
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Fig. S6 Photocurrent response spectra of PtD(p-NI)PP and PtT(p-NI)PP.
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Fig. S7 Photocatalytic systems (a) PtT(p-NI)PP and (b) PtD(p-NI)PP before and after 

irradiation.
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Fig. S8. ICP-MS spectrum of photocatalytic system of PtD(p-NI)PP.

Fig. S9. ICP-MS spectrum of photocatalytic system of PtT(p-NI)PP.
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Fig. S10. ICP-MS spectrum of Pt single element standard.

Tabel S2. ICP-MS analysis results of photocatalytic systems of PtT(p-NI)PP and PtD(p-

NI)PP.
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Fig. S11 ηH2 of photocatalytic systems of PtD(p-NI)PP and PtT(p-NI)PP (a) PS (10 μM) + 

TEOA (0.4 M) + THF/H2O (2:1 v/v), and (b) PS (10 μM) + AA (0.4 M) + THF/H2O (2:1 v/v)) 

under irradiation for 5 h.
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Fig. S12 ηH2 of photocatalytic systems of PtTPP, PtD(p-NI)PP and PtT(p-NI)PP (a) PS (10 

μM) + TEA (0.4 M) + THF/H2O (2:1 v/v) under irradiation for 5 h.
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Fig. S13 Phosphorescence quenching of  (a) PtT(p-NI)PP and (b) PtD(p-NI)PP in THF/H2O 

(2:1, v/v) solution with TEA as the quencher.
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Fig. S14 1H NMR spectrum of PtD(p-NI)PP.

Fig. S15 13C NMR spectrum of PtD(p-NI)PP.
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Fig. S16 1H NMR spectrum of PtT(p-NI)PP.

Fig. S17 13C NMR spectrum of PtT(p-NI)PP.
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Fig. S18 MALDI–TOF spectrum of PtD(p-NI)PP.

Fig. S19 MALDI–TOF spectrum of PtT(p-NI)PP.
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