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1. Materials
All reagents and solvents were of reagent grade quality obtained from commercial suppliers.
The homogeneity of the products was tested in each step by TLC. The solvents were stored
over molecular sieves. All solvents were dried and purified as described by Perrin and
Armarego.1 (1-phenyl-1H-1,2,3-triazol-5-yl)methanol (1) was prepared according to reported
procedure.2 The compound, 2,5-dihydroxybenzoic acid (DHB) was chosen as the best
MALDI matrix.
2. Equipment
IR spectra were recorded on a Perkin Elmer Spectrum One FT-IR (ATR sampling accessory)
spectrophotometer, electronic spectra on a Scinco S-3100 spectrophotometer. 1H-NMR and
13

C NMR spectra were recorded on Agilent VNMRS 300 MHz and the spectrum was

referenced internally by using the residual solvent resonances and chemical shifts were
reported relative to Me4Si as internal standard. Mass spectra were measured on a Micromass
Quatro LC/ULTIMA LC-MS/MS spectrometer and MALDI-MS of complexes were obtained
in dihydroxybenzoic acid as MALDI matrix using nitrogen laser accumulating 50 laser shots
using Bruker Microﬂex LT MALDI-TOF mass spectrometer Bremen, Germany. Elemental
analyses were performed in TÜBİTAK Marmara Research Centre.

Figure S1. FT-IR spectrum of compound 2.

Figure S2. 1H-NMR spectrum of compound 2 in CDCI3.

Figure S3. 13C-NMR spectrum of compound 2 in CDCI3.

Figure S4. The MALDI-TOF mass spectrum of the compound 2.

Figure S5. FT-IR spectrum of compound 3.

Figure S6. 1H-NMR spectrum of compound 3 in CDCI3.

Figure S7. 13C-NMR spectrum of compound 3 in CDCI3.

Figure S8. The MALDI-TOF mass spectrum of the compound 3.

Figure S9. FT-IR spectrum of zinc complex 4.

Figure S10. 1H-NMR spectrum of compound 4 in DMSO-d6.

Figure S11. The MALDI-TOF mass spectrum of zinc complex 4.

Figure S12. FT-IR spectrum of silicon complex 5.

Figure S13. 1H-NMR spectrum of compound 5 in CDCI3.

Figure S14. The mass spectrum of the complex 5.

Figure S15. Electronic absorption spectra of complex 4 (ZnPc) in THF at different
concentrations:(A) 40 X 10-6, (B) 20 X 10-6, (C) 10 X 10-6, (D) 5 X 10-6, (E) 2.5 X 10-6 mol dm-3.
The inset shows calibration plot for Q band maximum.

3. Photophysical and photochemical parameters
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quantum yields (ΦF) are determined in DMSO by the comparative method using by equation
1.3
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where F and FS are the areas under the fluorescence emission curves of the samples (4 and 5)
and the standard, respectively. A and AStd are the respective absorbances of the samples and
2
2
standard at the excitation wavelengths, respectively. n and n Std
are the refractive indices of

solvents used for the sample and standard, respectively. Unsubstituted ZnPc (ΦF = 0.20) 4 was
employed as the standard in DMSO. The absorbance of the solutions at the excitation
wavelength ranged between 0.04 and 0.05.

Singlet oxygen quantum yield () determinations were carried out by using the experimental
set-up described in the literature.5–7 Typically, a 3 mL portion of the respective unsubstituted
zinc (II) phthalocyanine (ZnPc) and the studied phthalocyanine solutions containing the
singlet oxygen quencher was irradiated in the Q band region with the photo-irradiation set-up
described in references.6–8 Singlet oxygen quantum yields () were determined in DMSO
using the relative method with unsubstituted zinc (II) phthalocyanine (ZnPc) as a reference.
DPBF was used as the chemical quencher for singlet oxygen in DMSO. Equation 2 was
employed for the calculations:
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where Φ∆𝑆𝑡𝑑 is the singlet oxygen quantum yield for the standard unsubstituted zinc (II)
phthalocyanine (ZnPc) (Φ∆𝑆𝑡𝑑 = 0.67 in DMSO). R and 𝑅 𝑆𝑡𝑑 are the DPBF photobleaching
rates in the presence of studied phthalocyanine compounds and standard, respectively.
Std
Iabs and Iabs
are the rates of light absorption by the studied phthalocyanine compounds and

standard, respectively. To avoid chain reactions induced by DPBF in the presence of singlet
oxygen, the concentration of quencher (DPBF) was lowered to ~5x10-6 M. Solutions of
sensitizers containing DPBF were prepared in the dark and irradiated in the Q band region
using the photoirradiation setup. DPBF degradation at 417 nm was monitored. The light

intensity 7.15 x 1015 photons s-1 cm-2 was used for  determinations. The absorption band of
DPBF reduced by light irradiation (Fig.8 and Fig S16). The zinc complex (4) (Δ =0.76) and
silicon complex (5) (Δ =0.32) in DMSO was occurred singlet oxygen quantum yield.

Figure S16. Reaction of the singlet oxygen generated by photo-sensitization with 1,3diphenyl-isobenzofuran (DPBF) in dimethyl sulfoxide (DMSO) in the presence of silicon
phthalocyanine complex (5). For the first 21 sec, the solution was kept in the dark; thereafter,
it was irradiated with a light source (650 nm cut on filter) for 35 sec. The total volume was
adjusted to 3.0 mL. Absorbance spectra were recorded in 7 sec intervals.

4. Electrochemical Parameters
Electrochemical studies were carried out with a PARSTAT 2273 potentiostat/galvanostat.
Cyclic voltammograms (CVs) were recorded in degassed 0.1 M tetrabutylammonium
tetrafluoroborate (TBABF4)/DCM solution containing 0.5 mM dye at scan rate of 0.100 V s-1.
A glassy carbon electrode (GCE, 3 mm diameter), a Pt wire, and an Ag/AgCl wire were
served as the working, counter and reference electrodes, respectively. The peak separation

potential (ΔEp) of ferrocene/ferrocenium (Fc/Fc+) redox couple as an external reference under
our experimental conditions was 91 mV.
5. Photovoltaic Parameters
A double layer TiO2 photoanode was prepared by previously reported procedures9, as
described below. An adhesive tape (Scotch™, 3M) with a window of 0.196 cm2 area and 25
µm depth was applied to the conductive surface of the fluorine-doped tin oxide-coated glass
electrode (FTO) (Solaronix, TCO22−15, 15 Ω cm−2). A thin TiO 2 blocking layer was
deposited onto FTO by dipping the tape-coated FTO in 40 mM aqueous solution of TiCl4 for
30 min at 70 °C followed by rinsing with deionized water. Then, an anatase TiO 2 paste with
an average particle size of ∼ 20 nm (Solaronix Ti-Nanoxide T/SP) was coated on this
electrode by the doctor blade method. The tape was removed and the TiO 2 electrode was
gradually at 500 °C, followed by heating at the same temperature for 30 min in air. After
cooling, the coating and heating processes were repeated over the previously coated electrode
to obtain double layer TiO2. The TiO2 electrode was cooled to room temperature and again
treated with the TiCl4 solution, which was then heated at 500 °C for 30 min. After cooling to
80 °C, the resultant TiO2 photoanode was sensitized with 0.3 mM phthalocyanine complex 4
and 5 in an ethanol/THF (v/v: 1/1) solution for 24 h. 1 mM chenodeoxycholic acid (CDCA) as
a co-adsorbent was also added into the dye solution to suppress the aggregation of dye. As a
reference DSSC, the TiO2 photoanode was also dipped in an ethanol solution containing 0.5
mM N719 (Solaronix, Ruthenizer 535-bisTBA) and 5 mM CDCA for 6 h. Pt-coated FTO was
used as counter electrode. The sensitized TiO2 photoanode and the counter electrode were
assembled using a 25 μm–thick sealing spacer (Solaronix, Meltonix 1170−25) and an I‒/I3‒
electrolyte solution (Solaronix, Iodolyte HI−30).

The DSSC's photocurrent–voltage (J–V) characteristics were carried out using the abovementioned potentiostat/galvanostat under a solar simulator (96000, Newport, USA) with AM
1.5G illumination (100 mW cm−2 = 1 sun). The measurement of incident photon to current
conversion efficiency (IPCE) was recorded by using a monochromator (74004, Oriel, USA).
The cells were covered with a black mask (0.196 cm2) during the photovoltaic measurements.
For each dye, at least three DSSCs were fabricated and the averaged data were selected. The
electrochemical impedance spectroscopy (EIS) measurements were performed by using the
potentiostat/galvanostat at an applied bias voltage equivalent to the open-circuit voltage (VOC)
of each DSSC in the dark between 0.1 Hz and 1 MHz.
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