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Abstract: In this work, we have presented the synthesis and characterization of gallium(III) 

phthalocyanines (4-6) which are non-peripherally tetra-substituted with anisole or thioanisole 

functional groups containing oxygen or sulfur bridge. Confirmation of the phthalocyanine 

structures performed with the cooperation of elemental analysis, FTIR, 1H-NMR, UV-Vis and 

MALDI-MS spectral data. Also, we have investigated and discussed the effects of non-

peripherally tetra-substitution with different functional groups on the photochemical and 

photophysical properties (singlet oxygen quantum yield, photodegradation quantum yield, 

fluorescence quantum yield and fluorescent behavior). In every substituent, we obtained very 

similar singlet oxygen quantum yields as 0.64 for (4), 0.56 for (5) and 0.65 for (6) suggesting 

their potential as photosensitizer in PDT treatment. 
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INTRODUCTION 

 

Phthalocyanines (Pcs) are highly conjugated macrocycles which have the ability to form 

complexes with many different metals. Because of having their chemical, photophysical, and 

photochemical properties as well as their stability (1), Pcs have been used for development of 

photosensitizers in photodynamic therapy (2,3), dye-sensitized solar cells (4), organic 

semiconductors (5), electrochromic displays (6), non-linear optical materials (7), liquid crystals 

(8), chemical sensors (9), and electrochromic agents (10). 

 

Because of their low solubility, unsubstituted phthalocyanines tend to be in the aggregated form 

in common organic solvents but they can become soluble in many solvents by attaching some 

functional groups such as methoxy or methylthio groups at peripheral or non-peripheral positions 

of Pcs. These kind of groups have extensively been used in both medical and industrial purposes 

like antiallergenic, antiartherogenic, antiinflammatory, antimicrobial, antioxidant, 

antithrombotic, cardioprotective, and vasodilatory effects. Non-peripheral substitution causes 

red-shift in the Q-band, suggesting optimal transparency into tissue in PDT(11–16). 

 

The strong absorption of phthalocyanines in the region of 650-680 nm and high efficiency in 

producing reactive oxygen species (ROS), e.g. singlet oxygen (1O2), causing destruction of 

cancer cells, led to the development of photodynamic cancer therapy (PDT) over the last century. 

The variety of metal ion that is inserted to the inner core of phthalocyanines strongly influences 

the ROS production. Especially, phthalocyanines containing diamagnetic ions (Zn2+, In3+, 

Ga3+etc.) exhibit sufficient photophysical and photochemical properties (triplet quantum yield,  

lifetime and singlet oxygen generation) because of high ROS yields for PDT(17,18). 

 

In this paper, we have firstly presented the synthesis and characterization of anisole or 

thioanisole tetra-substituted gallium(III) phthalocyanines (4-6) containing oxygen or sulfur 

bridge at non-peripheral positions, which show good solubility in common organic solvents. 

Finally, the photochemical and photophysical properties (singlet oxygen quantum yield,  

photodegradation quantum yield, fluorescent quantum yields and fluorescent behavior) of the 

synthesized gallium(III) phthalocyanines (4-6) in DMSO were investigated to compare the effect 

of different substituent, which is very important for biological cell studies on PDT. 

 

EXPERIMENTAL 

 

Materials and Methods 

3-(4-Methoxy-phenoxy)phthalonitrile (1), 3-(4-(methylthio)phenoxy)phthalonitrile (2), 3-(4-

(methylthio)phenylthio)phthalonitrile (3) and 1(4), 8(11), 15(18), 22(25)-tetrakis (3-(4-

(methylthio)phenylthio))phthalocyaninatogallium(III) chloride (6) were prepared according to 



Günsel, A. JOTCSA. 2018; 5(1): 269-282.   RESEARCH ARTICLE 

271 
 

the procedures in literature (4,19,20). Some chemicals such as dimethyl sulfoxide (DMSO) and 

GaCl3 were acquired from Merck and Alfa Aesar and used as received. UV-Vis spectra were 

acquired in a quartz cuvette on an Agilent Model 8453 diode array spectrophotometer. Perkin-

Elmer Spectrum Two FT-IR spectrometer was used to acquire FT-IR spectra. All the products 

were purified by column chromatography on silica gel (Merck grade 60) from Aldrich. All 

reactions were achieved under a dry N2 atmosphere. A Bruker 300 spectrometer was used to 

record 1H NMR spectra. Mass spectra (MS) were analyzed by MALDI SYNAPT G2-Si Mass 

Spectrometer. Fluorescence spectra were measured using a Varian Eclipse spectrofluorometer 

using 1-cm path length cuvettes at room temperature. Photo-irradiations for singlet oxygen 

determination were measured using a General Electric quartz line lamp (300 W). 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, 700nm with a bandwidth of 40nm) was additionally 

placed in the light path before the sample. Light intensities were measured with a POWER MAX 

5100 (Mol electron detector incorporated) power meter. 

 

Synthesis  

General procedure for the synthesis of gallium phthalocyanines (GaPcs): Reaction: A mixture of 

(1) or (2) (0.100 g, ∼0.39 mmol), GaCl3 (0.018 g, 0.10 mmol) and a catalytic amount of DBU 

(1,8-diazabicyclo[5.4.0]undec-7-ene) in n-hexanol (2 cm3) was refluxed at 160 °C in a sealed 

glass tube for 10 hours under N2 atmosphere. After cooling to room temperature, the green 

crude product was cooled and precipitated by adding n-hexane and filtered. Purification: After 

being washed with methanol, it was purified by silica gel column chromatography 

(CH2Cl2/ethanol 50/2, v/v) and finally dried in vacuo at 100 °C. Solubility: Highly soluble in THF, 

CH2Cl2, DMSO, and DMF.  

 

1(4), 8(11), 15(18), 22(25)-Tetrakis (3-(4-methoxy-phenoxy)phthalocyaninato 

gallium(III) chloride(4) 

The product was soluble in CHCl3, CH2Cl2, THF, DMF, and DMSO. Yield of (4): 0.036 g (33%). 

Anal. calcd. For (%) C60H40ClGaN8O8 (1106.18 g/mol): C, 65.15; H, 3.64; N, 10.13; Found: C, 

64.49; H, 3.80; N, 9.58. FT-IR (υmax/cm-1): 3062 (Ar-H), 2948, 2914, 2855 (Aliph. C-H), 1722, 

1625 (C=C), 1574, 1517, 1480, 1428, 1315, 1220, 1105, 892, 741. UV-Vis (DMSO): λmax/nm (log 

ε): 713 (4.65), 641 (3.98), 322 (4.45). 1H-NMR (300 MHz, CDCl3) δ ppm: 7.84-7.64 (m, 12H, 

Pc-H), 7.44-7.10 (m, 16H, Ar-H), 2.12 (s, 12H CH3-OAr). MS (MALDI-TOF, 2,5-dihydroxybenzoic 

acid as matrix): m/z 1071.68 [M-Cl+H]+. 

 

1(4),8(11),15(18), 22(25)-Tetrakis (3-(4-(methylthio)phenoxy)phthalocyaninato 

gallium(III) chloride(5) 

The product was soluble in CHCl3, CH2Cl2, THF, DMF, and DMSO. Yield of (5): 0.033 g (30%). 

Anal. calcd. For (%)C60H40ClGaN8O4S4 (1170.45 g/mol): C, 61.57; H, 3.44; N, 9.57; Found: C, 
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60.55; H, 3.41; N, 9.71. FT-IR (υmax/cm-1): 3049 (Ar-H), 2961, 2862 (Aliph. C-H), 1733, 1631 

(C=C), 1560, 1521, 1447, 1431, 1314, 1221, 1105, 841, 702, 612. UV-Vis (DMSO): λmax/nm (log 

ε): 712 (4.65), 639  (3.96), 358 (4.15). 1H-NMR (300 MHz, CDCl3) δ ppm: 7.79-7.55 (m, 12H, 

Pc-H), 7.38-7.14 (m, 16H, Ar-H), 2.20 (s, 12H CH3-SAr). MS (MALDI-TOF, 2,5-dihydroxybenzoic 

acid as matrix): m/z 1135.88 [M-Cl+H]+. 

 

Photophysical and Photochemical Studies  

Fluorescence quantum yields: Fluorescence quantum yields (ΦF) were determined by the 

comparative method (Eq. 1)(21), 

 

    (Eq. 1) 

 

where F and FStd are the areas under the fluorescentemission curves of the samples and the 

standard, respectively. A and AStd are the respective absorbances of the samples and standard 

(Unsubstituted ZnPc) at the excitation wavelengths, respectively. n2and n(Std)
2are the refractive 

indices of solvents used for the sample and standard, respectively. Unsubstituted ZnPc in DMSO 

(ΦF = 0.20)(22) was used as the standard. Both the samples and standard were excited at the 

same wavelength. The absorbance of the solutions at the excitation wavelength ranged between 

0.04 and 0.05.  

 

Singlet oxygen quantum yields: Singlet oxygen quantum yield (ΦΔ) determinations were carried 

out by using the experimental set-up described in the literature(23). Quantum yields of singlet 

oxygen photogeneration were determined in air (no oxygen bubbled) using the relative method 

with ZnPc as reference and DPBF (1,3-diphenylisobenzofuran) as the chemical quencher for 

singlet oxygen, using formula (Eq. 2),  

    (Eq. 2) 

 

where ΦΔ
Stdis the singlet oxygen quantum yield for ZnPc standard (ΦΔ

Std= 0.67 in DMSO(24)). R 

and RStd are the DPBF photobleaching rates in the presence of the respective samples and 

standard, respectively. Iabs and Iabs
Stdare the rates of light absorption by the samples and 

standard, respectively. To avoid chain reactions induced by DPBF in the presence of singlet 

oxygen (24,25), the concentration of quencher (DPBF) was lowered to ~3 x 10-5 mol dm-3. 

Solutions of the sensitizer (containing DPBF) were prepared in the dark and irradiated in the Q 

band region using the set up described above. DPBF degradation was monitored at 417 nm. The 

light intensity of 7.05 x 1015 photons s-1 cm-2 was used for ΦΔ determinations.  

 



Günsel, A. JOTCSA. 2018; 5(1): 269-282.   RESEARCH ARTICLE 

273 
 

Photodegradation quantum yields: Photodegradation quantum yield (Φd) determinations were 

carried out using the experimental set-up described in literature (26). Photodegradation 

quantum yields were determined using formula (Eq.3), 

 

     (Eq. 3) 

 

where “C0” and “Ct” are the sample 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, “Iabs” is the overlap integral of the radiation source light intensity and the 

absorption of the samples. A light intensity of 2.38x1016 photons s-1 cm-2 was employed for Φd 

determinations. 

 

RESULTS AND DISCUSSION 

 

Synthesis and Spectroscopic Characterization 

The characterization of all synthesized compounds was carried out with the aid of some 

spectroscopic methods such as FT-IR, 1H-NMR and UV-Vis spectroscopic methods, elemental 

analysis and mass spectra which gave very satisfactory results. 

 

Non-peripherally tetrasubstituted phthalocyanines (4) and (5) were prepared by 

cyclotetramerization of 3-(4-methoxy-phenoxy)phthalonitrile (1) or 3-(4-

(methylthio)phenoxy)phthalonitrile (2). The preparation of phthalocyanines (4) and (5) from 

the aromatic dinitriles were carried out under the same reaction conditions by treatment of 

phthalonitriles (1) or (2) with GaCl3 in dry n-hexanol and 1,8-diazabicyclo[5.4.0]undec-7-ene 

(DBU) at 160 °C, for 10 h (Scheme 1). 
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Scheme 1. General procedure for the synthesis of gallium phthalocyanines (GaPcs) (4-6), i: 

GaCl3, 160 °C, for 10h, n-hexanol, and DBU. 

 

The UV-Vis spectra of phthalocyanines (4) and (5) were recorded in DMSO. The UV-Vis spectra 

of phthalocyanines (4) and (5) were obtained as a single band of high intensity at 713 nm (Q) 

for (4), 712 nm (Q) for (5), respectively that are typical of phthalocyanine complexes. 

Phthalocyanines indicate characteristic B-band in addition to Q band absorption, in the UV region 

at 322 nm for (4) and 358 nm for (5) respectively. 

 

In the FT-IR-spectra, after conversion into phthalocyanines (4) and (5), the characteristic -C≡N 

peaks for (1) and (2) were not observed for (4) and (5) as expected and thus, proved the 

formation of these compounds (4) and (5) from the corresponding dinitriles (1) and (2).  

 

The synthesized phthalocyanine complexes (4) and (5) are very similar to each other and 

showed characteristic vibrations which belong to the ether groups at ∼1220 cm-1, the aromatic 

CH stretching at ca. 3049-3062 cm-1 and the aliphatic CH stretching at ca. 2855-2961 cm-1. 

 

In 1H NMR spectra of the phthalocyanines (4) and (5), the obtained signals for the 

phthalocyanines (4) and (5) are quite broader compared to the signals of the starting 

compounds (1) and (2). The protons were observed between 7.84-7.55 ppm on aromatic 

structure for Pc-ring, and between 7.44-7.10 ppm aromatic structure for functional groups. 

Additionally, the protons were observed at around 2.12 and 2.20 ppm respectively as singlet for 

the O-CH3 and S-CH3 groups. 
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In the MALDI-TOF mass spectra, the observation of the characteristic molecular ion peaks at 

m/z 1071.68 [M-Cl+H]+ for (4) (Figure 1.A) and at m/z 1135.88 [M-Cl+H]+ for (5) (Figure 

1.B) confirmed the proposed structure. 

 

Last, elemental analysis of both complexes gave satisfactory results corresponding to all 

synthesized compounds. 

 

 

Figure 1: MALDI-TOF MS spectra of compound (4, A) and (5, B). 

 

Aggregation studies 

An intense and sharp Q-band was observed in the absorption spectra of the phthalocyanines (4-

6) in DMSO, exhibiting the evidence of the formation of non-aggregated forms. Dilution studies 

in DMSO were done to test the aggregation of the phthalocyanines (4-6)(Figure 2.(A-C) shows 

the spectra of the synthesized phthalocyanines (4-6) in DMSO at various concentrations). The 

increasing of the Pc concentration led to an increase in the intensity of absorption of the Q band. 

No new band formation was observed because of the aggregated forms(27,28). From these 

results, we can conclude that the phthalocyanines (4-6) did not aggregate in the solvent of 
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DMSO and the Lambert-Beer law was obeyed for the synthesized phthalocyanines at the 

concentration ranging from 3.59x10-5 to 2.24x10-6 M for (4), 3.52x10-5 to 2.20x10-6 M for (5) 

and 3.65x10-5 to 2.25x10-6 M for (6) respectively. 

 

Figure 2: UV-Vis absorption spectra of the phthalocyanines (4:A), (5:B) and (6:C) in DMSO 

at different concentrations. 

 

Photophysical and photochemical studies 

Fluorescence quantum yields: The measurement of fluorescent quantum yields was determined 

in DMSO. The comparison of spectra was also carried out under the same conditions (Figures 3 

and 4). While the complexes (4) and (5) have typical fluorescent behavior, the complex (6) 

shows that the fluorescence excitation spectrum is blue-shifted by about 10 nm relative to that 

of the absorption spectrum, suggesting a change in geometry upon excitation (20). The quantum 

yield results are; for (4) in DMSO 0.138, for (5) in DMSO 0.101 and for (6) in DMSO 0.050. 

The yields of the complexes (4) and (5) are almost similar but the complex (6) is lower 

fluorescent quantum yields than the complexes (4) and (5). These compounds have lower 

fluorescent quantum yields than standard GaPc (ΦF = 0.30 in DMSO). 
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Figure 3: Absorption (713 nm), excitation (721 nm) and emission (729 nm) spectra of (4) in 

DMSO. 

 

Figure 4: Absorption (708 nm), excitation (717 nm) and emission (723 nm) spectra of (5) in 

DMSO. 

 

Singlet oxygen quantum yields: The singlet oxygen quantum yields in the presence of different 

substituents were determined in DMSO by following the chemical method based on the chemical 

quenching of DPBF (1,3-diphenylisobenzofuran) in order to investigate the effect of substituents 

(Figures 5,6, and 7). In every substituent, the complex showed similar quantum yields. As shown 

in Table 1, the highest quantum yield ΦΔ (0.65) is for complex (6), followed by complex (4) ΦΔ 

(0.64) and complex (5) ΦΔ (0.56). The yields of singlet oxygen for all synthesized complexes 

have very high values when compared to unsubstituted GaPc. 
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Figure 5: A typical spectrum for the determination of singlet oxygen quantum yield of (4) in 

DMSO. 

 

 

Figure 6: A typical spectrum for the determination of singlet oxygen quantum yield of (5) in 

DMSO. 
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Figure 7: A typical spectrum for the determination of singlet oxygen quantum yield of (6) in 

DMSO. 

 

Photodegradation quantum yields: The quantum yield values of the order 10-4 were given Table 

1 and the spectral changes observed for the complexes are shown in (Figures 8,9, and 10). 

Unsubstituted GaPc complexes as a reference is less stable than these complexes. 

Photodegradation quantum yield (Φd) value of complex (5) in DMSO (Φd: 2,9 x10-4) is less stable 

as compared to the other complexes. But in generally, it can be said that all the complexes are 

resistant to photochemical degradation.  

 

 

Figure 8: A typical spectrum for the determination of photodegradation of (4) in DMSO. 
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Figure 9: A typical spectrum for the determination of photodegradation of (5) in DMSO. 

 

 

Figure 10: A typical spectrum for the determination of photodegradation of (6) in DMSO. 

 

Table 1: Photophysical and photochemical properties of the complexes in DMSO. 

 
Complex Q  

band, 

λmax, (nm) 

Excitation, 

(nm) 

Emission,  

 (nm) 

ΦF Φd (10-4) Φ∆ Stokes 

shift, 

Δstokes, 
(nm) 

(4) 713 721 729 0.138 15 0.64 16 

(5) 708 717 723 0.101 2.9 0.56 15 

(6) 742 732 744 0.050 40 0.65 2 

GaPca - - - 0.300 0.09 0.41 - 

a Data from (29). 
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CONCLUSION 

 

In this paper, we have synthesized and characterized anisole or thioanisole tetra-substituted 

gallium(III) phthalocyanines (4-6) containing oxygen or sulfur bridge at the non-peripheral 

positions and then investigated and discussed the effects of different functional groups on the 

photochemical and photophysical properties. In every substituent, the complex exhibited similar 

quantum yield. The highest quantum yield ΦΔ (0.65) is for complex (6), and then it is followed 

by complex (4) ΦΔ (0.64) and complex (5) ΦΔ (0.56). 
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