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1. Experimental 

1.1. Materials

All chemicals used were of reagent grade quality. 3-nitrophthalonitrile, 4-nitrophthalonitrile, 

3-(2,3,6-trimethylphenoxy)phthalonitrile (1) and 4-(2,3,6-trimethylphenoxy)phthalonitrile (2) 

were synthesized and purified according to the methods described previously in literature 

respectively [1-4]. Phthalonitrile, 2,3,6-trimethylphenol, 1,3-diphenylisobenzofuran (DPBF) 

and metal salts were purchased from Alfa Aesar, Fluka or Merck and used as received. The 

solvents were purified, dried and stored over molecular sieves (4Å). All reactions were carried 

out under dry argon atmosphere unless otherwise noted. The Pc compounds were purified 

successively by washing with hot acetic acid, water, ethanol and acetonitrile in the Soxhlet 

apparatus. Column chromatography was performed on silica gel 60 for a proper purification. 

Melting points of the Pc compounds were found to be higher than 300 οC. The homogeneity 

of the products was tested in each step by thin layer chromatography (Kieselgel F-254 

percolated TLC plate). 
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1.2. Equipment

IR spectra were recorded on a Perkin Elmer Spectrum One FTIR (ATR sampling accessory) 

spectrophotometer. 1H-NMR spectra were recorded on a Varian UNITY INOVA 500 MHz 

spectrometer. Elemental analyses were performed by the Instrumental Analysis Laboratory of 

the TUBITAK, Marmara Research Centre. Mass spectra were acquired on Microflex MALDI-

TOF mass spectrometer (Bruker Daltonics MS Germany) equipped with a nitrogen UV-Laser 

operating at 337 nm and spectra were recorded in reflectron mode with average of 50 shots. 

2,5-dihydroxybenzoicacid (DHB) was prepared in chloroform (CHCl3) at a concentration of 

15 mg/mL as matrix. Matrix-assisted laser desorption/ionization (MALDI) samples were 

prepared by mixing sample solutions (1 mg/mL in CHCl3) and the matrix solution (1:10 v/v) 

in a 0.5 mL Eppendorf® micro tube. Finally, 0.5 μL of this mixture was deposited on the 

sample plate, dried at room temperature, and then analyzed.

Optical spectra in the UV-Vis region were recorded with a Perkin Elmer Lambda 25 

spectrophotometer and a Shimadzu 2101 UV/Vis spectrophotometer. Fluorescence lifetimes 

were measured using a time correlated single photon counting setup (TCSPC) (Horiba 

Fluorolog 3 equipment.) Fluorescence excitation and emission spectra were recorded on a 

Varian Eclipse spectrofluorometer using 1 cm path length cuvette at room temperature.  

Photo-irradiations were done using a General Electric quartz line lamp (300W). A 600 nm 

glass cut off filter (Schott) and a water filter were used to filter off ultraviolet and infrared 

radiations respectively. An interference filter (Intor, 670 nm and 700 nm with a band width of 

40 nm) was additionally placed in the light path before the sample. Light intensities were 

measured with a POWER MAX5100 (Molelectron detector incorporated) power meter.
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1.3. Photophysical parameters

1.3.1. Fluorescence quantum yields and lifetimes

Fluorescence quantum yields (ΦF) were determined by the comparative method using 

(Equation 1) [5-6].
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where F and FStd are the areas under the fluorescence emission curves of the samples 

(In(OAc)Pc, 3-8) and the standard (ZnPc), respectively. A and AStd are the relative 

absorbance of the samples and standard at the excitation wavelength, respectively. 2n  and 

2
Stdn are the refractive indices of solvents for the sample and standard, respectively. 

Unsubstituted ZnPc (in DMSO) (ΦF = 0.20) [7] was employed as the standard.  Both the 

sample and standard were excited at the same wavelength. The absorbance of the solutions 

was ranged between 0.04 and 0.05 at the excitation wavelength. 

Fluorescence lifetimes were measured using a time correlated single photon counting setup 

(TCSPC). The natural radiative lifetimes (0) were evaluated using Equation 2 [8]. 
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1.4. Photochemical parameters

1.4.1. Singlet oxygen quantum yields 

Singlet oxygen quantum yield () determinations were carried out using the experimental 

set-up described in literature [9]. Typically, a 3 mL portion of the respective unsubstituted, 

peripherally and non-peripherally tetra-substituted In(III)Pcs, Zn(II)Pcs and metal free Pcs 

solutions (concentration = 1×10−5 M) containing the singlet oxygen quencher was irradiated 

in the Q band region with the photo-irradiation set-up described in the reference. [9].   



4

values were determined in air using the relative method with unsubstituted ZnPc (in DMF) as 

references. DPBF was used as chemical quenchers for singlet oxygen in DMF. The  values 

of the studied ZnPc complexes were calculated using equation 3: 

                                                                            (3)

where 
Std
ΔΦ  is the singlet oxygen quantum yields for the standard.  Unsubstituted ZnPc (

Std 

= 0.56 in DMF) [10] was used as standard.  R and RStd are the DPBF photobleaching rates in 

the presence of the respective samples (In(OAc)Pc, 3-8) and standard, respectively. Iabs and 

Std
absI  are the rates of light absorption by the samples and standards, respectively. Iabs was 

determined by using equation 4.

                                                                    (4)

To avoid chain reactions induced by DPBF in the presence of singlet oxygen [11], the 

concentration of quenchers (DPBF) was lowered to  3 × 10−5 M. Solutions of sensitizer 

(concentration = 1×10−5 M) containing DPBF were prepared in the dark and irradiated in the 

Q band region using the setup described in literature [9].  DPBF degradation at 417 nm was 

monitored. The light intensity used for  determinations was found to be 6.60 x 1015 photons 

s-1 cm-2.

1.4.2. Photodegradation quantum yields

Photodegradation quantum yield (Φd) determinations were carried out using the 

experimental set-up described in literature [9]. Photodegradation quantum yields were 

determined using equation 5, 
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where C0 and Ct are the samples (In(OAc)Pc, 3-8) concentrations before and after 

irradiation respectively, V is the reaction volume, NA is the Avogadro’s constant, S is the 

irradiated cell area, t is the irradiation time and Iabs is the overlap integral of the radiation 

source light intensity and the absorption of the samples (In(OAc)Pc, 3-8). A light intensity 

of 2.15x1016 photons s-1 cm-2 was employed for Φd determinations.
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Fig. S1. Positive ion in reflectron mode MALDI-TOF mass spectrum of compound 3 were 

obtained in 2,5-dihydroxybenzoicacid. 
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Fig. S2. Positive ion in reflectron mode MALDI-TOF mass spectrum of compound 4 were 

obtained in 2,5-dihydroxybenzoicacid. 
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Fig. S3. Positive ion in reflectron mode MALDI-TOF mass spectrum of compound 5 were 

obtained in 2,5-dihydroxybenzoicacid. 
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Fig. S4. Positive ion in reflectron mode MALDI-TOF mass spectrum of compound 6 were 

obtained in 2,5-dihydroxybenzoicacid.  
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Fig. S5. Positive ion in reflectron mode MALDI-TOF mass spectrum of compound 7 were 

obtained in 2,5-dihydroxybenzoicacid. 
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Fig. S6. Positive ion in reflectron mode MALDI-TOF mass spectrum of compound 8 were 

obtained in 2,5-dihydroxybenzoicacid. 
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Fig. S7A.  13C-NMR spectrum of Compound 1.

Fig. S7B.  1H-NMR spectrum of Compound 1.
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 Fig. S8A. 13C-NMR spectrum of Compound 2.

Fig. S8B. 1H-NMR spectrum of Compound 2.
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Fig. S9. Absorption spectra of complex 8 in different solvents.
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Fig. S10. UV–vis spectral changes of 5 in DCM by addition of TFA solution 
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Fig. S11. UV–vis spectral changes of 5 in DCM and TFA by addition of pyridine solution. 
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Fig. S12. Aggregation behavior of unsubstituted imdium acetate Pc (InAcPc) in DMF at 

different concentrations. (Inset: plot of absorbance vs. concentration.) 
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Fig. S13. Absorption, excitation and emission spectra of unsubstituted indium(III) acetate Pc 

(InAcPc) in DMF. Excitation wavelength = 651 nm 
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Fig. S14. Time correlated single photon counting (TCSPC) trace for unsubstituted In(OAc)Pc 

in DMF with residuals. Excitation wavelength = 651nm.
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Fig. S15. A typical spectrum for the determination of singlet oxygen quantum yield of  

studied (a) zinc(II) in Pc (5), (b) metal free Pc (8) and (c) unsubstituted indium(III) acetate Pc 

(InAcPc) in DMF Concentration = 1×10−5 M (inset: plots of DPBF absorbance versus time)
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Fig. S16. The photodegradation of (a) studied indium(III) Pc (4), (b) studied zinc(II) Pc (6)  

and (c) studied unsubstituted indium(III) acetate Pc (InAcPc) in DMF (inset: plot of Q band 

absorbance versus time). 
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Table S1. The specific IR bands of the compounds (1-8)

The 
compounds

N‒H 
stretch.

=C‒H 
stretch.

>CH2 
stretch.

C≡N 
stretch.

C=O 
stretch.

C=N 
stretch.

C=C  
stretch.

C‒H 
bend.

C‒O  
stretch.

C‒N 
stretch.

C‒C 
stretch.

Ligand        
(1) ‒ 3088 

3031
2946 
2925 
2861

2231 ‒ ‒ 1585 
1572

1494 
1451

1325 
1273 ‒ 1078 

1004

Ligand        
(2) ‒ 3078 2925 

2861 2229 ‒ ‒ 1596 
1563

1483 
1462

1321 
1279 ‒ 1068 

1038

Unsubst.
In(OAc)Pc                          

‒
3048 
3058
3023

2926 
2860
2820

‒ 1722 1651 1606 
1548

1474 
1401

1330 
1283

1160 
1115 

1080 
1059

In(OAc)Pc                          
(3) ‒ 3068 

3023
2920 
2856 ‒ 1731 1672 1603 

1585
1480 
1410

1327 
1248

1161 
1119 

1075 
1002

In(OAc)Pc 
(4) ‒ 3058 

3013
2922 
2856 ‒ 1734 1649 

1676
1609 
1573

1477 
1462

1335 
1267

1183 
1116

1086 
1042

ZnPc                   
(5) ‒ 3058 

3023
2922 
2856 ‒ ‒ 1657 1589 

1570
1481 
1456

1333 
1267

1168  
1118

1078 
1001

ZnPc                    
(6) ‒ 3058 

3018
2921 
2856 ‒ ‒ 1656 1608 

1575
1484 
1460

1336 
1267

1166 
1117

1090  
996

2HPc                     
(7) 3292 3058 

3023
2921 
2851 ‒ ‒ 1683 1595 

1575
1486 
1410

1333 
1248

1155 
1110

1077 
1019

2HPc                    
(8) 3290 3012

2983 
2916 
2854

‒ ‒ 1684 1614 
1579

1462 
1423

1318 
1262

1160 
1112

1076 
1007


