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 A novel phthalocyanine star polymer, where a Zn(II)-phthalocyanine is the core and 

four chains of the sulphonate ester of poly(ethylene glycol) methyl ether (SO2mPEG) as 

branches, was successfully prepared. The structure of the prepared water-soluble star 

polymer was confirmed using UV-Vis, FTIR, gel permeation chromatography (GPC), 
fast atom bombardment mass spectroscopy (FAB-MS), and atomic absorption 

spectroscopy (AAS). The essential parameters for efficient photosensitizers; such as 

aggregation, solvatochromic effect, binding to bovine serum albumin (BSA), 
fluorescence and singlet oxygen quantum yields; were determined and the results 

indicated the potential use of the prepared polymer in theranostic applications.   
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INTRODUCTION 

 

Phthalocyanines (Pcs), due to the large π-

conjugated systems, structure flexibility, and strong 

absorption in the far red region of the spectra, have 

found a lot of theranostic applications such as 

fluorescence immunoassays, in vivo imaging, and in 

photodynamic therapy (PDT) of cancer (Xie et al., 

2010). Phthalocyanines are water insoluble and water 

solubility is generally induced by attaching 

solubilizing groups such as sulfonate, pyridinium 

salts, carboxylate and others (Siejak et al., 2009). 

The hydrophilic terminal groups, such as bulk 

dendrons or sulphonamide groups have been also 

found to impart water-solubility to Pcs (Parveen et 

al. 2012). However, these derivatized 

phthalocyanines exhibit reduced fluorescence 

intensity in aqueous solution as opposed to in organic 

solvent (Arrhenius et al., 1991). A particularly 

preferred class of solubilizing moieties comprises 

poly(ethylene glycol) methyl ethers. For example, a 

non-ionic water soluble tetra PEGylated star polymer 

has been prepared by introducing various PEG chains 

which covalently bound on the peripheral positions 

of the phthalocyanine (Mineo et al., 2012). Also, 

mono PEGylated phthalocyanine encapsulated in 

silica nanoparticles was found to be a promising PDT 

photosensitizer due to its high stability in aqueous 

media, appropriate and uniform particle size (Zhao et 

al., 2013). In this work, we aimed at production of 

zinc-phthalocyanine star polymer, of reduced 

aggregation and consequently enhanced fluorescence 

and singlet oxygen quantum yields, useful for PDT, 

fluorescence tumour imaging, and optical sensor 

applications.  

 

MATERIALS AND METHODS 

 

Chemicals: 

1,2-dicyanobenzene, poly(ethylene glycol) 

methyl ether (mPEG 500 g mol-1) and 1,3-

diphenylisobenzofuran (DPBF) were  products of 

ACROS ORGANICS, Belgium. Ultra Bio 

PEO10,000 flakes (FLUKA), chlorosulfonic acid and 

thionyl chloride (SOCl2) were products of Sigma-

Aldrich, Germany.  Bovine Serum Albumin (BSA) 

(CAS Number 90604-29.8) was a product of 

LOBACHEMIE, Mumbai, India. All solvents were 

of analytical grade and dried as described in 

literature (Perrin and Armarego 1989) and stored 

over molecular sieves 3Å or 4 Å.     

 

Measurements: 

Fast atom bombardment mass spectra (FAB-

MS) were measured on a Bruker APEX 47e using 3-

nitrobenzyl alcohol as a matrix. Elemental analysis 

(C, H and N) was performed by combustion of the 

samples at 1150 
o
C in a Vario Elementar EL 

instrument. FTIR spectra were recorded on an 

infrared spectrometer (type Jasco FT/IR-430, Japan) 
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using the KBr disc technique. Determination of zinc 

content was achieved using a double beam flame 

atomic absorption, Agilent 240FS equipped with 

cross flow nebulizer after decomposition of the 

samples by heating in nitric acid. Aqueous phase gel 

permeation chromatography (GPC) measurements 

were carried out using Agilent 1100 series, GPC, 

Germany equipped with refractive index detector 

using water as an eluent and calibrated PL 5µm, 

(100, 10
4
, 10

5
 Å) on series of columns against 

polystyrene standard, sample conc. 1 gL
-1

, Detector 

RIDA refractive index signal, flow rate: 2 ml min
-1

, 

inject volume 100μL. Ground state electronic 

absorption spectra were recorded at room 

temperature in the range from 200-1200 nm using a 

computerized recording on Cary 300 

spectrophotometer, Agilent Technologies. 

Fluorescence excitation and emission spectra were 

recorded on a JASCO Spectrofluorometer Fp6500, 

Japan using 1 cm path length cuvettes at room 

temperature.  

 

2.3 Synthesis: 

A highly pure ZnPc was firstly prepared 

according to standard procedures (Kadish et al., 

2003). Secondly, chlorosulfonation of ZnPc was 

carried out according to literature procedures (Tucker 

et al., 1974). In brief, To 7 ml of chlorosulfonic acid 

there was added 1.18 g (2 mmol) of ZnPc over a 

period of 30 min at 20-50 °C. The mixture was then 

heated at 140 °C for 3 hours. After cooling to 60 °C, 

1 ml of thionyl chloride was added drop-wise over a 

period of 20 minutes. The mixture was heated to 80 

°C with stirring for 2 hours after which it was 

drowned in a mixture of 700 ml of water, about 7 g 

of salt and ice to keep the mixture at 0-3 °C. After 

stirring for 15 min. to insure complete precipitation 

of chloro-sulfonated product, the mixture was filtered 

and the precipitate washed with ice cold water. This 

affords a dark green cake of tetrachlorosulfonyl zinc-

phthalocyanine [ZnPc(SO2Cl)4]. Anal. calcd. for 

C32H12N8Cl4O8S4Zn: C, 39.54; H, 1.24; N, 11.53; Cl, 

14.59;  S, 13.20; Zn, 6.73; found: C, 38.22; H, 1.75; 

N, 10.25; Cl, 12.95; S, 13.95; Zn, 5.75.  

Star polymer ZnPc(SO2mPEG)4  1  (Fig. 1) was 

prepared as follows: To a suspension of 3 g (3 mmol) 

of ZnPc(SO2Cl)4 in 5 ml of water and 20 g of ice, 1.5 

g (15 mmol) of mPEG was added. The mixture was 

cold stirred for 30 min. and 0.5 g of sodium 

bicarbonate and 10 ml of acetone were added. The 

mixture was stirred at 50 °C for another 30 min. 

After cooling to room temperature, the sulphonamide 

product was isolated as a dark green tar. This tar was 

then washed by 0.1M HCl until it solidified. The 

solid was washed by acetone. The solid then was 

stirred in deionized water for 60 minutes and filtered. 

The clear solution was subjected to freeze-drying 

affording dark green solid of ZnPc(SO2mPEG)4  1. 

Yield for this step: 2.5 g (~28%).  

 

2.4 Photophysical properties: 

2.4.1 Fluorescence quantum yields: 

Fluorescence quantum yield (ΦF) was 

determined using the comparative method (Maree et 

al., 2002) using equation (2). 

𝛷F = 𝛷 Std   
𝐹 ×  𝐴Std  ×  𝑛2

𝐹Std  ×  𝐴 × 𝑛Std
2  

… (2) 

where F and FStd are the areas under the 

fluorescence emission curves of the phthalocyanines 

and the standard, respectively. A and AStd are the 

respective absorbance values of the samples and 

standard at the excitation wavelengths, respectively. 

n
2
 and 𝑛Std

2  are the refractive indices of solvents used 

for the sample and standard, respectively. 

Unsubstituted ZnPc (in DMSO) (ΦF = 0.20) 

(Ogunsipe et al., 2004) was used as the standard.    

 

2.4.2 Singlet oxygen quantum yields: 

Singlet oxygen quantum yield (Φ∆) 

determinations were carried out according to 

literature procedure and set-up (Seotsanyana et al., 

2001). A solution of the Pc polymer (1x10
-5

 M) 

containing the singlet oxygen quencher (DPBF) was 

irradiated in the Q band. Singlet oxygen quantum 

yields (Φ∆) were determined in air using the relative 

method using unsubstituted ZnPc (in DMSO) or 

ZnPcSmix in aqueous media as references. Equation 

(3) was used for these calculations as follows:  

𝛷Δ = 𝛷Δ
Std  

R×IStd
abs

RStd ×Iabs
 … (3) 

Where; 𝛷Δ
Std  is the singlet oxygen quantum yield 

for the standard unsubstituted ZnPc 𝛷Δ
Std  (= 0.67 in 

DMSO) (Kuznetsova et al., 2000) or ZnPcSmix 

(𝛷Δ
Std = 0.45 in aqueous media) (Spiller et al., 1998). 

R and RStd are the photobleaching rates of the sample 

and standards, respectively. Iabs  and IStd
abs  are the rates 

of light absorption by the sample and standards, 

respectively. To avoid chain reactions induced by 

DPBF in the presence of singlet oxygen,
 

the 

concentration of the quenchers (DPBF) was lowered 

to ~3x10
-5

 M.  Solutions of the sensitizer (1x10
-5

 M) 

containing DPBF were prepared in the dark and 

irradiated in the Q band region using the photo-

irradiation set up. The degradation of DPBF was 

monitored (abs. at 417 nm). The light intensity 6.75 x 

10
15

 photons s
-1

 cm
-2

 was employed for determination 

of Φ∆. 

 

2.4.3 Binding with BSA: 

The binding properties of the prepared Pc 

polymer 1 with bovine serum albumin (BSA) were 

studied by spectrofluorometry at room temperature. 

A phosphate buffer solution (PSA) solution of fixed 

concentration was prepared and titrated with 

solutions of different concentrations of the prepared 

polymer 1. BSA was excited at 280 nm and 

fluorescence recorded between 290 and 500 nm. The 

steady quenching of BSA fluorescence with increase 

in concentration of the Pc polymer 1 was observed. 
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RESULTS AND DISCUSSION 

High solubility in aqueous media is an essential 

parameter for an efficient PS not only for 

transporting of the PS to the malignant tissues by 

serum albumin but also for selective accumulation in 

the connective tissue which surround the tumor cell 

(Lukyanets et al., 1999). Generally, metal-

phthalocyanines containing closed shell and 

diamagnetic metal ions, like Zn
2+

, Ga
3+

 and Si
4+

 

show higher singlet oxygen production which is very 

important in PDT efficiency (Bonnett et al., 1995). 

The closed shell d
10

 configuration of the central Zn
2+

 

ion in ZnPcs results in uncomplicated spectra like 

those arise from the transition metal ions (Gol et al., 

2012). Therefore, we prepared a novel 

phthalocyanine star polymer 1, where a Zn(II)-

phthalocyanine is the core and four chains of the 

sulphonate ester of poly(ethylene glycol) methyl 

ether (SO2mPEG) as branches (Fig. 1) 

 

 

 
 

Fig. 1: Structure of zinc(II)phthalocyanine tetra(polyethyleneglycole sulphonate ester) star polymer 1.  

           (Inset: structure of BSA). 

 

3.1 Structure determination: 

The prepared polymer was purified by repeated 

silica gel column chromatography using a mixture of 

chloroform and methanol (95:5 v/v) as elluent. The 

molecular weight calculated for polymer 1 (Fig. 1) 

for the formula ZnPc(SO2mPEG500)4  is 

(M=2830.12). FAB-MS of polymer 1 show a cluster 

peaking at m/z 2832.1 (M+2H)
+
. Aqueous phase gel 

permeation chromatography of star polymer 1 (Fig. 

2) shows Mn (2887.7 g mol
-1

); Mw (4246.5 g/mol) 

and a relatively low polydispersity index (PDI = 

1.47). The value of Mn matches well the calculated 

molecular weight of star polymer 1 (M~2886.13). 

The average molecular weight and polydispersity 

index (PDI) of some polymeric phthalocyanines were 

previously determined by gel permeation 

chromatography (GPC) (van der Pol et al., 1990). 

Atom absorption spectroscopy (AAS) showed a 

percent content of zinc (2.01%) for the calculated 

(2.26%) (Table 1), and this confirms the suggested 

structure of the star polymer 1. 

 

 
Fig. 2: Aqueous phase GPC diagram of polymer 1. 

 

FTIR spectra of the star polymer 1 (Fig. 3 and 

Table 1) show the most characteristic bands of the 

phthalocyanine sulfonate ester 1 such as 1663(C=N 

arom.), 1625(C=C), 1165 (S=O, νas); 1091 (S=O, 

νsym) and S–O stretching at 604 cm
-1

 (Durmus et al., 

2009 and 2007). The very strong absorption 1380-

1166 cm
-1

 is indicative for SO2 group (Pur et al., 

2012).
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Table 1: Analytical and spectroscopic data of Pc- polymer 1  

FTIR (KBr) νmax (cm−1)† 3440(s), 2919 [CH aliph.], 2547(m), 1927(w), 1663(C=N arom.), 1625(C=C), 1450(m), 1380(vs), 

1166 [S=O, νas], 1114(w), 1091 [S=O, νsym], 1028(w), 997(m), 877(w), 835(m), 706, 604 
[stretching S-O] 

FAB-MS [m/z] (%) 2832.1 (62) [M+2]+  

GPC (H2O) Mn (2887.7 g mol-1); Mw (4246.5 g mol-1); Polydispersity index (D = 1.47) 

AAS %Zn (calculated/found) = 2.26/2.01 

 
Fig. 3: Infrared spectrum of star polymer 1. 

 

3.2 Solvatochromic studies: 

UV-Vis absorption spectra of Pc- polymer 1 in 

water and in DMSO were recorded (Fig. 4). The 

spectra show the characteristic Q-bands (666-673 

nm) (π-π* transition), (602-607 nm) (vibronic 

transitions) and B-bands (338-343 nm; another 

allowed π-π* transition). The absorption at 629 nm 

which appears in aqueous solutions of Pc-polymer 1 

is attributed to phthalocyanine dimer formed as a 

result of aggregation in aqueous solution. The sharp 

Q-band of the polymer 1 in DMSO evidences the 

monomerization in this solvent. Other absorption 

bands at very short wavelengths appear in the 

spectra; however they were not accepted considering 

the cut-off point of each solvent (Skoog et al., 2007). 

Like other water soluble Pcs (Segalla et al., 2002), 

when Pc-polymer 1 is dissolved in water or PBS, the 

Q bands undergo a significant broadening. These 

spectral features are characteristic of aggregated 

phthalocyanines.
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Fig. 4: UV-Vis spectra of Pc-polymer 1 in DMSO and water. Concentration 1x10
-5

M. 

 

The aggregation behavior of Pc-polymer 1 in 

DMSO was studied at different concentrations in the 

wavelength range (266-900 nm) (Fig. 5). The 

absorption of the Q band increased proportionally to 

the concentration of the compound and no new bands 

that could be attributed to the aggregated forms were 

found. Also in other organic solvents, the Beer–

Lambert law was obeyed (Fig. 6) and thus the regular 

decrease of the absorbance with decrease of the 

molar concentration is indicative to monomerization 

of polymer 1 in these solvents (Goslinski et al., 2011 

and Suchan et al., 2009). Absorption, excitation and 

emission spectral data of polymer 1 in different 

solvents are given in Table 2 

 

 
 

Fig. 5: Representative absorption spectra of Pc-polymer 1 in DMSO; concentrations from to M L
-1 

(Inset: linear 

relation between the molar conc. and absorbance). 

 

 
Fig. 6: UV-Vis spectra of Pc-polymer 1 in various solvents. 

 

3.3 Fluorescence spectra: 

The corrected fluorescence excitation spectra of 

Pc-polymer 1 were recorded in various solvents 

(Table 2) (e.g. in DMSO Figure 7). The excitation 

spectra in all utilized organic solvents coincide with 

the absorption spectrum indicating that Pc-polymer 1 

mainly not aggregated in these solvents (Scalise et 

al., 2003). Absorption, excitation and emission 

spectral data of polymer 1 in different solvents are 

given in Table 2. It can be concluded that Pc-

Polymer 1 shows low Stockes shift compared to 

values reported for analogue ZnPcs. 
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Fig. 7: Absorption, excitation, and emission spectra of 1 in DMSO (conc. 10
-5

M) 

 
Table 2: Absorption, excitation and emission spectral data of polymer 1 in different solvents. 

Solvent λabs (nm) Logε λex (nm) λem (nm) Stokes shift (nm) 

DMSO 338, 607, 673 5.09 672 684 12 

DMF 339, 607, 673 5.03 673 678 5 

CHCl3 338, 607, 671 4.62 671 676 5 

THF 343, 602, 666 4.64 666  682 18 

MeOH 341, 602, 666 4.66 666 678 11 

Toluene 343, 606, 671 4.55 671 674 3 

Water 342, 630, 679 4.73 678 803 25 

 

3.4 Fluorescence and singlet oxygen quantum yields: 

The data of fluorescence and singlet oxygen 

quantum yields are given in Table 3. According to 

these data, it is obvious that the singlet oxygen 

generated by different phthalocyanines highly 

depends on the diamagnetic metal in the 

phthalocyanine cavity. Acceptable values of the 

quantum yield are for ZnPcs, while the 

phthalocyanines with metals such as titanium in the 

central ring have very small quantum yields in 

generating singlet oxygen, close to the quantum 

yields of singlet oxygen generated by endogenous 

constituents of the living cells (aromatic amino acids, 

proteins) (Chin et al., 2008). According to these 

results, polymer 1 has fluorescence and singlet 

oxygen quantum yields comparable to the closely 

related ZnPcs but higher than many other 

phthalocyanines. These enhanced photochemical and 

photophysical properties give polymer 1 the potential 

use in many theranostic applications such as 

photodynamic therapy of cancer (singlet oxygen 

quantum yield) and fluorescence immunoassay 

(fluorescence quantum yield). 

 
Table 3: Values of fluorescence quantum yield (ΦF) and singlet oxygen quantum yield (Φ∆) for some phthalocyanines. 

Compound ΦF Φ∆ Reference 

Polymer 1 0.39 DMSO 0.64 DMSO This work 

ZnPc 

ZnPc tetra pyridyloxy 
ZnPc tetra pyridyloxyCH3I 

0.28 DMF 

0.16 DMF 
0.16 DMF 

 

0.50   DMF/ DMA* 

0.50   DMF/ DMA* 
0.53   DMF/ DMA* 

(Scalise et al., 2003) 

TiOPc 0.13 DMSO 0.79 DMSO (Zhang et al., 2010) 

TiOPc(αOPh)4 0.06 DMSO 0.86 DMSO (Zhang et al., 2010) 

TiOPc(βOPh)4 0.10 DMSO 0.76 DMSO (Zhang et al., 2010) 

MonoPEG-ZnPc: PEG550 

PEG2000 

PEG5000 

0.31 DMF 

0.35 DMF 

0.39 DMF 

0.56 DMF 

0.55 DMF 

0.53 DMF 

(Zhao et al., 2013) 

Ester PEG-ZnPc 0.22-0.27 DMF 0.53-0.57 DMF (Bai et al., 2011) 

* DMA: 9,10-dimethylanthracene (used as oxygen quencher) 
 

3.5 Binding to BSA: 

Binding of the prepared polymer to bovine 

serum albumin (BSA) was studied, since such 

binding is known to increase the singlet oxygen 

quantum yields (Ogbodu  et al., 2014). The 

association of phthalocyanine 1 with bovine serum 
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albumin (BSA) was investigated since hydrophilic 

drugs bind preferentially to serum proteins, such as 

BSA and serum albumin is one of the key 

components in the body that influences drug delivery 

(Çakır et al., 2015). The interaction of 

phthalocyanine 1 with bovine serum albumin, was 

examined quantitatively by the fluorescence 

measurements in PBS. The results show that the drug 

has enhanced association with albumin when 

compared with organic media, a fact that should 

increase the selectivity of tumor targeting by this 

phthalocyanine (Nunes et al., 2004). The 

fluorescence of BSA at 348 nm is mainly due to 

tryptophan residues (Durmus et al., 2011). 

 

 
Fig. 8: Steady diminution of the fluorescence of BSA (10 µM) with increasing the concentration of the 

phthalocyanine 1 (0; 10; 20; 60; 120; 280 µM). 

 

Conclusions And Future Outlook: 

A star-polymeric fluorophore, zinc (II) 

phthalocyanines bearing four poly(ethylene glycol) 

sulphonate ester at peripheral positions has been 

prepared and well characterized. This polymer 

incorporated most of the preferred characteristics of 

an efficient photosensitizer such as: Stockes shifts 

lower than 20 nm, high extinction coefficients, high 

fluorescence and singlet oxygen quantum yields. 

This polymer showed also long excitation and 

emission wavelength maxima so that interference 

from natural fluorescence of the components in the 

biological sample to be assayed is minimized. These 

wavelengths are especially preferred in field of 

optical biosensors due to the physical characteristics 

of the electrical transducers used to generate and 

detect fluorescence (i.e. laser source and 

photomultiplier tube). Thus, the prepared marker 

component may be advantageously used, as 

fluorescent labels in conventional fluorescence 

immunoassays, in vivo tumor therapy and optical 

biosensors applications. Together with the high water 

solubility and ease of preparation of polymer 1, its 

promising photochemical and photophysical 

properties recommend it as a potential fluorophore 

and photosensitizer for theranostic applications. 

Experiments of fluorescence imaging and 

photodynamic therapy of Hep G2 cells are ongoing 

by our work group and the results will be published 

elsewhere in due course. 

 

ABBREVIATIONS 
AAS Atomic Absorption Spectroscopy 

BSA Bovine Serum Albumin 

DPBF 1,3-diphenylisobenzofuran 

FAB-MS Fast Atom Bombardment Mass Spectroscopy 

GPC Gel Permeation Chromatography 

PDT Photodynamic Therapy 

mPEG500 Poly(ethylene glycol) monomethyl ether (500 g mol-1) 

PSA Phosphate Buffer Solution 

UV-Vis-NIR Ultraviolet Visible Near Infrared 

ZnPc Zinc Phthalocyanine 

 

ACKNOWLEDGMENT 

 

We are grateful for the financial support of 

(National Research Centre, Dokki, Giza, Egypt) 

within the In-house research project number 

10030007.  

 

 



133                                                   Wael M. Darwish and  2Emad A. Al-Ashkar, 2015 

Advances in Natural and Applied Sciences, 9(8) July 2015, Pages: 126-134 

REFERENCES 

 

Arrhenius, P.O.G., 1991. Fluorescent porphyrin, 

and fluorescent phthalocyanine-polyethylene glycol, 

polyol, and saccharide derivatives as fluorescent 

probes (Publication number 

WO1991018006A1). Application number 

PCT/US1991/003424. 

Bai, M., P. Lo, J. Ye, C. Wu, W. Fong and 

D.K.P. Ng, 2011. Facile synthesis of pegylated 

zinc(II) phthalocyanines via transesterification and 

their in vitro photodynamic activities. Org. Biomol. 

Chem., 9: 7028-7032. 

Bonnett, R., 1995. Photosensitizers of the 

porphyrin and phthalocyanine series for 

photodynamic therapy. Chem.  Soc.  Rev., 24: 19-33. 

Çakır, V., D. Çakır, M. Pişkin, M. Durmuş, Z. 

Bıyıklıoğlu, 2015. New peripherally and non-

peripherally tetra-substituted water soluble zinc 

phthalocyanines: Synthesis, photophysics and 

photochemistry. J. Organomet. Chem., 783: 120-129. 

Chin, K., C.  Trevithick-Sutton, J. McCallum, S. 

Jockusch, N.J. Turro, J.C. Scaiano, C.S. Foote, M.A. 

Garcia-Garibay, 2008. Quantitative determination of 

singlet oxygen generated by excited state aromatic 

amino acids, proteins, and immunoglobulins. J. Am. 

Chem. Soc., 130: 6912-6913. 

Durmus, M., A. Erdogmus¸ A. Ogunsipe, T. 

Nyokong, 2009. The synthesis and 

photophysicochemical behaviour of novel water-

soluble cationic indium(III) phthalocyanine. Dyes 

and Pigments., 82: 244-250. 

Durmus, M., H Yaman, C. Göla, V. Ahsen, T. 

Nyokong, 2011. Water-soluble quaternized 

mercaptopyridine-substituted zinc-phthalocyanines: 

Synthesis, photophysical, photochemical and bovine 

serum albumin binding properties. Dyes and 

Pigments., 91: 153-163. 

Durmus, M., T. Nyokong, 2007. The synthesis, 

fluorescence behavior and singlet oxygen studies of 

new water-soluble cationic gallium(III) 

phthalocyanines. Inorg. Chem. Commun., 10: 332-

338. 

Gol, C., M. Durmuş¸ 2012. Investigation of 

photophysical, photochemical and bovine serum 

albumin binding properties of novel water-soluble 

zwitterionic zinc phthalocyanine complexes. Synth. 

Met., 162: 605-613. 

Goslinski, T., T. Osmalek, K. Konopka, M. 

Wierzchowski, P. Fita, J. Mielcarek, 2011. 

Photophysical properties and photocytotoxicity of 

novel phthalocyanines potentially useful for their 

application in photodynamic therapy. Polyhedron., 

30: 1538-1546. 

Kadish, K.M., K.M. Smith, R. Guilard. 

Porphyrin Handbook, Vol. 20: Phthalocyanines: 

Structural Characterization, ed., Elsevier, 2003, pp. 

1–88 and references cited therein. 

Kuznetsova, N., N. Gretsova, E. Kalmkova, E. 

Makarova, S. Dashkevich,V. Negri-movskii, O.  

Kaliya,  E.  Lukyanets, 2000. Novel phthalocyanine 

photosensitizers.  Russ.  J.  Gen.  Chem., 70: 133-

140. 

Lukyanets, E.A., 1999. Phthalocyanines as 

photosensitizers in the photodynamic therapy of 

cancer. J. Por. Phthalocyan., 3: 424-432. 

Maree, D., T. Nyokong, K. Suhling, D. Phillips, 

2002. Synthesis, photophysical and photochemical 

studies of germanium and tin phthalocyanine 

complexes. J. Por. Phthalocyan., 6: 373-376. 

Mineo, P., R. Alicata, N. Micali, V. Villari, E. 

Scamporrino, 2012. Water-Soluble Star Polymers 

with a Phthalocyanine as the Core and Poly(ethylene 

glycol) Chains as Branches. J. Appl. Polym. Sci., 

126: 1359-1368. 

Nunes, F.S., A. Sguilla, A. Tedesco, 2004. 

Studies of zinc phthalocyanine and chloroaluminum 

phthalocyanine incorporated into liposomes in the 

presence of additives. Braz.  J.  Med.  Biol. Res., 37: 

273-284. 

Ogbodu, R., T. Nyokong, 2014. Effect of bovine 

serum albumin and single walled carbon nanotube on 

the photophysical properties of zinc octacarboxy 

phthalocyanine. Spectrochim. Acta A-M 121: 81-87. 

Ogunsipe, A.,  J.Y.  Chen, T.  Nyokong, 2004. 

Photophysical and photochemical studies of zinc(II) 

phthalocyanine derivatives effects of substituents and 

solvents. New J. Chem., 28: 822-827. 

Parveen, S., R. Misra, S.K. Sahoo, 2012. 

Nanoparticles: a boon to drug delivery, therapeutics, 

diagnostics and imaging Nanomed. Nanotechnol., 8: 

147-166. 

Perrin, D.D. W.L.F.  Armarego,  1989. 

Purication  of  Laboratory  Chemicals,  2nd  ed.,  

Pergamon Press,  Oxford. 

Pur, B., Fatma Yuksel, V. Ahsen, 2012. The 

effect of p-tolyl-sulfonylamido units on thermal 

stability, mesogenic, photophysical properties and 

base sensitivity of unsymmetrical Zn(II) 

phthalocyanines. Dyes Pigments, 93: 1498-1505. 

Scalise, I., E.N. Durantini, 2003. Synthesis and 

photodynamic activity of tetracationic and non-

charged zinc phthalocyanine derivatives in 

homogeneous and biological media 7
th

 International 

Electronic Conference on Synthetic Organic 

Chemistry (ECSOC-7), http://www.mdpi.net/ecsoc-

7, 1-30. 

Segalla, A., C.D. Borsarelli, S.E. Braslavsky, 

J.D. Spikes, G. Roncucci, D. Dei, G. Chiti, G. Jori, 

E. Reddi, 2002. Photophysical, photochemical and 

antibacterial photosensitizing properties of a novel 

octacationic Zn(II)-phthalocyanine. Photochem. 

Photobiol. Sci., 1: 641-648. 

Seotsanyana-Mokhosi, I., N. Kuznetsova, T. 

Nyokong, 2001. Photochemical studies of tetra-2,3-

pyridinoporphyrazines. J. Photochem. Photobiol. A. 

140: 215-222. 

Siejak, A., D. Wrobel, P. Siejak, B. Olejarz, 

R.M., Ion, 2009. Spectroscopic and photoelectric 

investigations of resonance effects in selected 

http://www.google.com/patents/WO1991018006A1?cl=en
http://pubs.rsc.org/en/content/articlelanding/1995/cs/cs9952400019
http://pubs.rsc.org/en/content/articlelanding/1995/cs/cs9952400019
http://pubs.rsc.org/en/content/articlelanding/1995/cs/cs9952400019
http://pubs.rsc.org/en/content/articlelanding/1995/cs/cs9952400019
http://pubs.rsc.org/en/content/articlelanding/2004/nj/b315319c
http://pubs.rsc.org/en/content/articlelanding/2004/nj/b315319c
http://pubs.rsc.org/en/content/articlelanding/2004/nj/b315319c
http://www.sciencedirect.com/science/article/pii/S0143720811003081
http://www.sciencedirect.com/science/article/pii/S0143720811003081
http://www.sciencedirect.com/science/article/pii/S0143720811003081
http://www.sciencedirect.com/science/article/pii/S0143720811003081
http://www.sciencedirect.com/science/article/pii/S0143720811003081
http://www.sciencedirect.com/science/article/pii/S0143720811003081
http://www.mdpi.net/ecsoc-7/index.htm
http://www.mdpi.net/ecsoc-7/index.htm
http://www.mdpi.net/ecsoc-7/index.htm
http://pubs.rsc.org/en/content/articlelanding/2002/pp/b202031a
http://pubs.rsc.org/en/content/articlelanding/2002/pp/b202031a
http://pubs.rsc.org/en/content/articlelanding/2002/pp/b202031a
http://pubs.rsc.org/en/content/articlelanding/2002/pp/b202031a
http://www.sciencedirect.com/science/article/pii/S1010603001004270
http://www.sciencedirect.com/science/article/pii/S1010603001004270


134                                                   Wael M. Darwish and  2Emad A. Al-Ashkar, 2015 

Advances in Natural and Applied Sciences, 9(8) July 2015, Pages: 126-134 

sulfonated phthalocyanines. Dyes Pigments., 83: 

281-290. 

Skoog, D.A., F.J. Holler, S.R. Crouch, 2007. 

Principles of Instrumental Analysis, 6th Ed., 

Thomson Brooks, Cole.  

Spiller, W., H.  Kliesch, D.  Woehrle, S.  

Hackbarth, B. Roder, G.  Schnurpfeil, 1998. Singlet 

oxygen quantum yields of different photosensitizers 

in polar solvents and micellar solutions. J. Por. 

Phthalocyan.,  2: 145-158. 

Suchan, A., J. Nackiewicz, Z. Hnatejko, W. 

Wacławek, S. Lis, 2009. Spectral studies of zinc 

octacarboxyphthalocyanine aggregation. Dyes 

Pigments., 80: 239-244. 

Tucker, R.J., N.J. Hackettstown, 1974. Vanadyl 

phthalocyanine sulfonamides and laser protective 

plastic filters containing the same. US Patent, No. 

3,853,783; Dec. 10. American Cyanamid Company, 

Stamford, Conn. 

Van der Pol, J.F., J.W. Zwikker, J.M. Warman, 

M.P. de Haas, 1990. Synthesis and transport 

properties of rigid poly(octasubstituted 

phthalocyaninatosiloxanes). Recl. Trav. Chim. Pays-

Bas., 109: 208-215.  

Xie, J., S. Lee, X. Chen, 2010. Nanoparticle-

based theranostic agents. Adv Drug Deliver Rev., 62: 

1064-1079. 

Zhang, X., Y. Wang, L. Niu, 2010. Titanyl 

phthalocyanine and its soluble derivatives: Highly 

efficient photosensitizers for singlet oxygen 

production. Journal of Photochemistry and 

Photobiology A: Chemistry, 209: 232–237. 

Zhao, B., W. Duan, P. Lo, L. Duan, C. Wu, and 

D.K.P. Ng, 2013. Mono-PEGylated zinc(II) 

phthalocyanines: preparation, nanoparticle formation, 

and In vitro photodynamic activity. Chem. Asian J. 

8: 55-59. 

 

 

 

http://www.sciencedirect.com/science/article/pii/S0143720808001125
http://www.sciencedirect.com/science/article/pii/S0143720808001125
http://www.sciencedirect.com/science/article/pii/S0143720808001125

