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doi:10.3906/kim-1408-71

Turkish Journal of Chemistry

http :// journa l s . tub i tak .gov . t r/chem/

Research Article

Synthesis and electrochemistry of phthalocyanines bearing

[(3,4-dimethoxybenzyl)oxy] groups
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Abstract:In this study peripherally tetra-substituted metal-free, metallophthalocyanines bearing (3,4-dimethoxybenzyl)

oxy groups have been synthesized and characterized. Electrochemical properties of novel phthalocyanines 4, 5, 6, and

7 were determined by cyclic and square wave voltammetry in order to define their possible applications in different

electrochemical technologies. Co II and Ti IV O metal ions behave as redox active cations in the core of the CoPc and

TiOPc complexes, respectively. Voltammetric studies revealed that phthalocyanines have reversible/irreversible redox

processes, which are the main requirement for the technological usage of these compounds.
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1. Introduction

Phthalocyanines are important compounds having thermal and chemical stability. Therefore, this class of com-

pounds exhibits technological applications in different areas such as chemical sensors,1−3 solar cells,4−6 gas

sensors,7−9 liquid crystals,10,11 optical data storage,12,13 photodynamic therapy,14−18 nonlinear optics,19 and

electrochemical applications such as electroctalytic,20,21 electrosensing,22,23 and electrochromic materials.24

Although phthalocyanines display wide technological applications, because of the low solubility of phthalocya-

nines, their application is limited. To enhance the solubility, alkyl, alkoxy, phenoxy, methoxy, and macrocyclic

groups can be attached to the peripheral positions of phthalocyanines.25−29

Metallophthalocyanines are studied owing to their interesting electrochemical properties.30,31 Their elec-

trochemical properties are easily arranged by changing the metal center, number, and position of substituents.

Metallophthalocyanines have proven to be functional species for electrocatalysts, sensors, and electrochromic

devices because of their rich redox behavior owing to central metals having different oxidation states.32,33 Be-

cause of different oxidation states of CoPc and TiOPc, there is a growing interest about the CoPc and TiOPc

complexes.34−36 Despite this, studies of the electrochemical properties of CoPc and TiOPc are still rare in

the literature.37−39 Thus, in this paper, we aimed to synthesize a new class of phthalocyanines bearing [(3,4-

dimethoxybenzyl)oxy] groups on peripheral positions of phthalocyanine. For these reasons, we have synthesized

and investigated electrochemical properties of these peripherally tetra-substituted metal-free cobalt(II), cop-

per(II), and titanium(IV) phthalocyanines.
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2. Results and discussion

2.1. Syntheses and characterization

The synthesis of the new compounds is summarized in Figure 1. In the IR spectrum of phthalonitrile derivative

3, the characteristic C≡N stretching vibrations were observed at 2229 cm−1 . After the reaction of cyclote-

tramerization, this sharp peak disappeared in the spectra of 4, 5, 6, and 7. On the other hand, the IR spectra

of metal-free 4 and metallophthalocyanines 5, 6, and 7 were very similar, except for the υ (NH) and (Ti=O)

vibrations at 3289 and 958 cm−1 , respectively.

o

o

Figure 1. The synthesis of the phthalonitrile metal-free and metallophthalocyanines. (i) CoCl2 , CuCl2 , Ti(OCH2CH2CH2CH3)4 ,

n-pentanol, DBU, 160 ◦C.
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The 1H NMR spectra of compounds 3, 4, and 7 were taken in CDCl3 at room temperature. In the
1H NMR spectrum of 3, the aromatic protons appeared at between 7.72 and 6.87 ppm as a multiplet, and

aliphatic protons appeared at 5.08 and 3.90 ppm as singlets. The NH proton of metal-free phthalocyanine was

also identified in the 1H NMR spectra with a broad peak at −6.92 ppm, presenting the typical shielding of

inner core protons.40 The 1H NMR spectra of 4 and 7 were almost the same. 1H NMR measurements were

precluded owing to the paramagnetic nature of cobalt and copper phthalocyanines 5 and 6.41,42 The 13C NMR

spectra of compounds 3, 4, and 7 were in good correlation with the structure of these compounds.

In the mass spectrum of phthalonitrile derivative 3, the presence of molecular ion peaks at m/z = 317

[M + Na]+ confirmed the proposed structures. The molecular ion peaks of phthalocyanines 4, 5, 6, and 7 were

observed at m/z = 1180 [M + H]+ , 1237 [M + H]+ , 1241 [M + H]+ , and 1241 [M]+ , by using the MALDI-TOF

technique, respectively.

Metal-free 4 and metallophthalocyanines 5–7 became highly soluble in various organic solvents, includ-

ing dichloromethane, chloroform, tetrahydrofuran, dimethylformamide, and dimethyl sulfoxide, owing to the

incorporation of four 3,4-dimethoxybenzyloxy groups into the phthalocyanine rings.

The electronic spectra of phthalocyanines show two strong absorption regions, one in the UV region at

about 300–350 nm (B band) and the other in the visible region at 600–700 nm (Q band). The UV-Vis spectra

of H2 -Pc (4), Co-Pc (5), Cu-Pc (6), and TiO-Pc (7) in DMF are given in Figure 2. The Q bands of metal-

free phthalocyanine 4 were observed at 705–671 nm and 643 nm with a shoulder at 615 nm in DMF. On the

other hand, the Q bands of metallophthalocyanines 5–7 were observed expectedly at 669, 681, and 706 nm,

respectively. The B band absorptions of phthalocyanines 4–7 describing the transition of deeper π levels to

LUMO were observed at 340, 335, 344, and 343 nm, respectively.

Figure 2. UV-Vis spectra of H2 -Pc (4), Co-Pc (5), Cu-Pc (6), and TiO-Pc (7) in DMF (concentration = 1 × 10−5

mol dm−3) .

2.2. Aggregation studies

The aggregation tendency of phthalocyanines is owing to the interactions between their 18 π -electron systems,

which often cause weak solubility in many solvents. In this study, the aggregation behavior of the H2 -Pc

(4), Co-Pc (5), Cu-Pc (6), and TiO-Pc (7) were investigated in different solvents (CHCl3 , CH2Cl2 , DMF,

DMSO, THF) (Figure 3). The absorption intensities of the Q bands were markedly altered by the solvent.

For example, in Figure 3 for metal-free phthalocyanine 4 and titanium phthalocyanine 7, Q bands are very

sharply intense in CHCl3 , CH2Cl2 , DMF, and THF. Therefore, metal-free phthalocyanine 4 and titanium

phthalocyanine 7 did not show any aggregation in CHCl3 , CH2Cl2 , DMF, or THF because of very sharp
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Q band intensities. On the contrary, for cobalt and copper phthalocyanines 5 and 6, Q bands were very

sharply intense in DMF and THF, whereas Q bands remarkably decreased in CHCl3 and CH2Cl2 . Therefore,

cobalt and copper phthalocyanines 5 and 6 did not show any aggregation in DMF and THF, but they showed

aggregation in CHCl3 and CH2Cl2 . We also examined the H2 -Pc (4), Co-Pc (5), Cu-Pc (6), and TiO-Pc (7)

spectra monitored at different concentrations ranging from 2.0 × 10−6 to 12 × 10−6 mol dm−3 as given in

DMSO. As shown in Figure 4, the intensity of absorption bands increased with increasing concentration and no

new bands were observed, signifying no aggregation behavior at these concentrations for all phthalocyanines.
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Figure 3. UV-Vis spectrum of H2 -Pc, Co-Pc, Cu-Pc, and TiO-Pc (4–7) in different solvents (concentration = 1 ×

10−5 mol dm−3) .

2.3. Electrochemical studies

The cyclic voltammetry (CV) and square wave voltammetry (SWV) of phthalocyanines 4–7 were recorded in

a dichloromethane DCM/TBAP electrolyte system on a Pt working electrode. The results of voltammetric

analyses are given in the Table. Metallophthalocyanines such as MnPc, CoPc, FePc, and TiOPc, having a

metal that possesses energy levels lying between the HOMO and the LUMO of the Pc ligand, in general exhibit

redox processes centered on the metal. Conversely, redox processes of the Ni and Zn phthalocyanines take place

on the Pc ring.43−46
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Figure 4. UV-Vis spectra of H2 -Pc, Co-Pc, Cu-Pc, and TiO-Pc (4–7) in DMSO at different concentrations (12 ×

10−6 , 10 × 10−6 , 8 × 10−6 , 6 × 10−6 , 4 × 10−6 , 2 × 10−6 mol dm−3) .

Figures 5a and 5b show CV and SWV responses of metal-free phthalocyanine 4. It shows two reversible

reduction reactions labeled as R1 (E1/2 = –0.76 V; ∆Ep = 100 mV; ∆E1/2 = 1.74 V) and R2 (E1/2 = –1.06

V; ∆Ep = 90 mV) and one oxidation couple labeled as O1 (E1/2 = 0.98 V; ∆Ep = 210 mV). While reduction

processes are both electrochemically and chemically reversible, the oxidation process is irreversible with respect

to the ∆Ep value. The square wave voltammogram of the H2Pc supports reduction-reversible characters of

the processes, because these couples show symmetric cathodic peaks with the same peak currents (Figure 5b).

The HOMO-LUMO gap of the metal-free phthalocyanine (∆E1/2 = 1.74 V) is in compliance with the H2Pc

reported in the literature.47,48 In the case of copper phthalocyanine (Figures 6a and 6b), three redox processes

labeled as R1 , R2 , and O1 are observed. For the copper phthalocyanine, all the observed couples are ring-based

since the central metal is known to be electrochemically inactive. Copper phthalocyanine complex 6 showed

similar electrochemical behavior to that of the metal-free phthalocyanine. It displayed two reversible reduction

reactions labeled as R1 (E1/2 = –0.92 V; ∆Ep = 120 mV; ∆E1/2 = 1.81 V) and R2 (E1/2 = –1.18 V; ∆Ep =

90 mV) and one oxidation couple labeled as O1 (E1/2 = 0.89 V; ∆Ep = 230 mV). In addition, ∆E1/2 values
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of the metal-free and copper phthalocyanine were in harmony with the metal-free and metallophthalocyanines

having redox inactive metal centers. The only difference was the shifting of the redox processes toward the

negative potentials with respect to similar compounds.49,50

Table. Voltammetric data of the phthalocyanines. All voltammetric data are given versus SCE.

Pc Redox processes aE1/2
b∆Ep (mV) c∆E1/2

H2Pc

R1 –0.76 100 1.74
R2 –1.06 90
O1 0.98 210

Co-Pc

R1 –0.37d 120 1.00
R2 –1.43e 100
O1 0.63 130

Cu-Pc

R1 –0.92 120 1.81
R2 –1.18 90
O1 0.89 230

TiOPc

R1 –0.58f 120 1.53
R2 –0.78g 120
R3 –0.93 120
R4 –1.09 100
O1 0.95 160

a: E1/2 values ((Epa + Epc)/2) are given versus SCE at 0.100 Vs−1 scan rate.
b: ∆Ep = Epa – Epc.
c: ∆E1/2 = E1/2 (first oxidation) –E1/2 (first reduction).
d: This process is assigned to CoIIPc/CoIPc.
e: This process is assigned to Pc2−/Pc3−.
f : This process is assigned to TiIV OPc/TiIIIOPc.
g: This process is assigned to TiIIIOPc/TiIIOPc.

Figure 5. (a) CV of metal-free phthalocyanine 4. (b) SWV of metal-free phthalocyanine 4.

On the other hand, cobalt and titanium phthalocyanine complexes 5 and 7 have redox active metal

centers, and thus they generally give metal-based redox processes.51 While cobalt and titanium phthalocyanines

give metal- and Pc-based reduction processes, metal-free and copper phthalocyanines display only Pc-based

electron transfer reactions. Figure 7 shows the cyclic voltammogram of the prepared cobalt phthalocyanine in
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Figure 6. (a) CV of copper phthalocyanine 6. (b) SWV of copper phthalocyanine 6.

a dichloromethane DCM/TBAP electrolyte system on a Pt working electrode. As shown in Figure 7, cobalt

phthalocyanine shows two reversible reduction reactions labeled as R1 (E1/2 = –0.37 V; ∆Ep = 120 mV;

∆E1/2 = 1.00 V) and R2 (E1/2 = –1.43 V; ∆Ep = 100 mV) and one oxidation couple labeled as O1 (E1/2

= 0.63 V; ∆Ep = 130 mV). The two reduction couples labeled R1 and R2 that are observed at –0.37 V

and –1.43 V respectively may be assigned to [CoII Pc2− ]/[CoI Pc2− ]− and [CoIPc2− ]− /[CoIPc3− ]2− in

comparison with literature data.52 Figures 8a and 8b display the CV and SWV responses of peripherally tetra-

substituted TiOPc 7 in a DCM/TBAP electrolyte system. Titanium phthalocyanine complexes generally give

four sequential reduction processes, and while a metal-metal-ring-ring-based reduction sequence was proposed in

some papers, a metal-ring-metal-ring-based reduction sequence was also commonly suggested.53,54 In this paper,

titanium phthalocyanine complex 7 shows four sequential well-resolved electrochemically reversible (Figure 9a)

and diffusion-controlled reductions (R1 at –0.58 V, R2 at –0.78 V, R3 at –0.93 V, R4 at –1.09 V) and one

irreversible oxidation process (O1 at 0.95 V). ∆E1/2 values of titanium phthalocyanine are in harmony with

Figure 7. CV of cobalt phthalocyanine 5.
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titanium phthalocyanines having redox active metal centers.53 In addition, for complex 7, the electrochemical

reversibility of the processes can be efficiently evaluated from the symmetry of the redox couple recorded with

SWV (Figure 9b). Finally, the peak currents for phthalocyanines 4, 5, 6, and 7 increased linearly with the

square root of the scan rates for scan rates ranging from 50 to 1000 mV s−1 (Figure 10a for 4, Figure 10b for

5, Figure 10c for 6, and Figure 10d for 7).

Figure 8. (a) CV of titanium phthalocyanine 7 at –2 to +2 V. (b) SWV of titanium phthalocyanine 7 at –1.6 to 1.6 V.

Figure 9. (a) CV of titanium phthalocyanine 7 at 0 to –1.6 V. (b) SWV of titanium phthalocyanine 7 at 0 to –1.6 V.

3. Experimental

3.1. Equipment

The IR spectra were taken on a PerkinElmer 1600 FT-IR Spectrophotometer (400–4000 cm−1) with the samples

prepared as KBr pellets. 1H and 13C NMR spectra were recorded on a Varian Mercury 400 MHz spectrometer

in CDCl3 and chemical shifts were reported (δ) relative to Me4Si as an internal standard. Optical spectra in the

UV-vis region were recorded with a PerkinElmer Lambda 25 spectrophotometer. The MS spectra were measured

with a Thermo Quantum Access Mass spectrometer with H-ESI probe. MALDI-MS images of complexes were
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obtained in dihydroxybenzoic acid as a MALDI matrix using a nitrogen laser accumulating 50 laser shots using a

Bruker Microflex LT MALDI-TOF mass spectrometer. The CV and SWV measurements were carried out with

a Gamry Interface 1000 potentiostat/galvanostat controlled by an external Pc and utilizing a three-electrode

configuration at 25 ◦C.

Figure 10. (a) CV of metal-free phthalocyanine 4, (b) CV of cobalt phthalocyanine 5 at various scan rates (ranging

from 50 to 1000 mV s−1) on a Pt working electrode in DCM/TBAP. (c) CV of copper phthalocyanine 6, (d) CV

of titanium phthalocyanine 7 at various scan rates (ranging from 50 to 1000 mV s−1) on a Pt working electrode in

DCM/TBAP.

355
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3.2. Synthesis

3.2.1. 4-[(3,4-Dimethoxybenzyl)oxy]phthalonitrile (3)

About 1 g (5.95 mmol) of 1, 1.02 g (5.95 mmol) of 2, and 2.46 g (17.85 mmol) of anhydrous K2CO3 in dry

DMF (10 mL) were stirred at 60 ◦C for 4 days under a nitrogen atmosphere. The solution was then poured into

ice water (150 g). The precipitate was filtered, washed with water, and dried in vacuo. The raw product was

crystallized from the ethanol. Yield: 1 g (57%), mp: 132–133 ◦C. IR (KBr tablet) νmax /cm
−1 : 3094 (Ar-H),

2958–2837 (Aliph. C-H), 2229 (C≡N), 1597, 1559, 1515, 1489, 1467, 1384, 1298, 1285, 1243, 1163, 1140, 1026,

987, 896, 858, 812, 761. 1H NMR. (CDCl3), (δ :ppm): 7.72 (d, 1H, J = 6.2 Hz, Ar-H), 7.34 (d, 1H, J = 8.6

Hz, Ar-H), 7.26 (m, 1H, Ar-H), 6.94–6.87 (m, 3H, Ar-H), 5.08 (s, 2H, -CH2 -O), 3.90 (s, 6H, -OCH3).
13C

NMR. (CDCl3), (δ :ppm): 149.80, 149.61, 135.43, 126.99, 120.89, 120.83, 120.14, 119.97, 117.69, 115.84, 115.45,

111.40, 111.07, 107.73, 71.43, 56.19. MS (ESI), (m/z): 317 [M + Na]+ .

3.2.2. Metal-free phthalocyanine (4)

A mixture of compound 3 (0.2 g, 0.68 mmol) and two drops of 1.8-diazabicyclo[5.4.0]undec-7-ene (DBU) in 2.5

mL of dry n-pentanol was stirred at 160 ◦C for 12 h under N2 . The green crude product was then precipitated

with ethanol and dried in vacuo. Finally, the crude product was purified by column chromatography using

aluminum oxide as the stationary phase and CHCl3 :CH3OH (100:3) as the eluent. Yield: 0.06 g (30%). IR

(KBr tablet) νmax /cm
−1 : 3289 (N-H), 3070 (Ar-H), 2932–2834 (Aliph. C-H), 1607, 1514, 1480, 1459, 1419,

1323, 1260, 1228, 1157, 1136, 1095, 1007, 925, 848, 810, 744, 711. 1H NMR. (CDCl3), (δ :ppm): 6.92–6.72

(m, 24H, Ar-H), 4.27 (s, 8H, -CH2 -O), 3.82–3.71 (s, 24H, -CH3O), −6.92 (bs, 2H, NH). 13C NMR. (CDCl3),

(δ :ppm): 159.43, 148.96, 148.92, 128.81, 122.00, 120.80, 120.69, 120.59, 120.53, 120.44, 111.36, 111.30, 111.03,

110.79, 69.65, 55.78. UV-Vis (DMF): λmax , nm (log ε): 705 (4.85), 671 (4.82), 643 (4.54), 615 (4.41), 340

(4.74). MALDI-TOF-MS m/z: 1180 [M + H]+ .

3.2.3. Cobalt(II) phthalocyanine (5)

The synthetic method for compound 4 was used to obtain compound 5 using a mixture of compound 3 (0.2 g,

0.68 mmol), anhydrous CoCl2 (0.043 g, 0.34 mmol), dry n-pentanol (2.5 mL), and DBU (2 drops). Yield: 0.09

g (43%). IR (KBr tablet) νmax/cm
−1 : 3060 (Ar-H), 2929–2834 (Aliph. C-H), 1607, 1513, 1460, 1416, 1375,

1343, 1261, 1226, 1157, 1120, 1094, 1023, 851, 812, 749. UV-Vis (DMF): λmax , nm (log ε): 669 (4.64), 605

(4.23), 335 (4.60). MALDI-TOF-MS m/z: 1237 [M + H]+ .

3.2.4. Copper(II) phthalocyanine (6)

The synthetic method of compound 4 was used to obtain compound 6 using a mixture of compound 3 (0.2

g, 0.68 mmol), anhydrous CuCl2 (0.044 g, 0.33 mmol), dry n-pentanol (2.5 mL), and DBU (2 drops). Yield:

0.094 g (45%). IR (KBr tablet) νmax/cm
−1 : 3072 (Ar-H), 2928–2834 (Aliph. C-H), 1606, 1592, 1510, 1459,

1407, 1375, 1261, 1224, 1157, 1118, 1055, 1024, 944, 848, 808, 744, 682. UV-Vis (DMF): λmax , nm (log ε): 681

(4.89), 614 (4.49), 344 (4.69). MALDI-TOF-MS m/z: 1241 [M + H]+ .
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3.2.5. Oxo-titanium (IV) phthalocyanine (7)

The synthetic method of compound 4 was used to obtain compound 7 using a mixture of compound 3 (0.2

g, 0.68 mmol), Ti(OCH2CH2CH2CH3)4 (0.112 g, 0.34 mmol), dry n-pentanol (2.5 mL), and DBU (2 drops).

Yield: 0.063 g (30%). IR (KBr tablet) νmax/cm
−1 : 3066 (Ar-H), 2932–2833 (Aliph. C-H), 1605, 1514, 1483,

1451, 1418, 1375, 1336, 1262, 1224, 1157, 1119, 1070, 1022, 958 (Ti=O), 851,747. 1H NMR. (CDCl3), (δ :ppm):

7.21–6.97 (m, 24H, Ar-H), 5.04 (s, 8H, -CH2 -O), 3.98-3.91 (s, 24H, -OCH3).
13C NMR. (CDCl3), (δ :ppm):

161.45, 149.26, 149.13, 138.64, 130.91, 128.81, 128.75, 128.67, 124.46, 120.92, 111.52, 111.26, 111.14, 111.03,

70.79, 56.00. UV-Vis (DMF): λmax , nm (log ε): 706 (4.80), 673 (4.44), 639 (4.28), 343 (4.56). MALDI-TOF-MS

m/z: 1241 [M]+ .

4. Conclusion

We have synthesized new metal-free and metallophthalocyanine complexes carrying four (3,4-dimethoxybenzyl)oxy

groups. Electrochemical measurements supported the proposed structures of the complexes. Presence of CoII

and TiIV O metal centers in the core of the Pc ring enhanced the redox richness of the complexes due to the

metal-based redox processes of the CoPc and TiOPc complexes. On the other hand, while metal-free and copper

phthalocyanines give ligand-based redox processes, the cobalt and oxotitanium phthalocyanine complexes give

both metal and ligand-based redox processes. Rich redox behaviors of the complexes are the desired properties

for electrochemical applications, especially electrocatalytic, electrochromic, and electrosensing applications.
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54. Aktaş, A.; Acar, İ.; Koca, A.; Bıyıklıoğlu, Z.; Kantekin, H. Dyes Pigments, 2013, 99, 613–619.

358

http://dx.doi.org/10.1016/S1566-1199(03)00007-7
http://dx.doi.org/10.1016/j.ccr.2012.03.022
http://dx.doi.org/10.1016/j.ejca.2010.02.037
http://dx.doi.org/10.1016/j.ejca.2010.02.037
http://dx.doi.org/10.1039/C0DT01260B
http://dx.doi.org/10.1039/C0DT01260B
http://dx.doi.org/10.1016/0967-5868(95)90008-X
http://dx.doi.org/10.1016/j.tiv.2006.09.020
http://dx.doi.org/10.1021/ja211064a
http://dx.doi.org/10.1021/ja211064a
http://dx.doi.org/10.1016/j.electacta.2006.12.059
http://dx.doi.org/10.1016/j.electacta.2008.02.021
http://dx.doi.org/10.1016/j.synthmet.2012.07.019
http://dx.doi.org/10.1016/j.aca.2010.05.019
http://dx.doi.org/10.1149/2.002403jes
http://dx.doi.org/10.1007/s11243-006-0053-x
http://dx.doi.org/10.1016/j.jorganchem.2010.04.014
http://dx.doi.org/10.1016/j.synthmet.2010.12.035
http://dx.doi.org/10.1016/j.inoche.2008.02.028
http://dx.doi.org/10.1246/bcsj.82.631
http://dx.doi.org/10.1016/S0300-9440(97)00029-5
http://dx.doi.org/10.1016/S0277-5387(00)81741-6
http://dx.doi.org/10.1016/j.poly.2007.08.007
http://dx.doi.org/10.1016/j.dyepig.2005.01.019
http://dx.doi.org/10.1016/j.electacta.2006.09.064
http://dx.doi.org/10.1039/a702637d
http://dx.doi.org/10.1016/j.dyepig.2010.09.002
http://dx.doi.org/10.1016/j.ica.2010.09.054
http://dx.doi.org/10.1016/j.poly.2009.04.036
http://dx.doi.org/10.1016/j.poly.2006.09.082
http://dx.doi.org/10.1016/j.poly.2007.08.015
http://dx.doi.org/10.1016/j.poly.2006.07.011
http://dx.doi.org/10.1016/j.electacta.2006.07.018
http://dx.doi.org/10.1016/j.poly.2010.09.008
http://dx.doi.org/10.1016/0022-0728(87)80249-8
http://dx.doi.org/10.1016/j.jorganchem.2014.01.012
http://dx.doi.org/10.1016/j.electacta.2012.09.045
http://dx.doi.org/10.1142/S1088424603000641
http://dx.doi.org/10.1016/j.jelechem.2013.05.012
http://dx.doi.org/10.1016/j.dyepig.2013.06.033

	Introduction
	Results and discussion 
	Syntheses and characterization
	Aggregation studies
	Electrochemical studies

	Experimental
	Equipment
	Synthesis 
	4-[(3,4-Dimethoxybenzyl)oxy]phthalonitrile (3)
	Metal-free phthalocyanine (4)
	Cobalt(II) phthalocyanine (5)
	Copper(II) phthalocyanine (6)
	Oxo-titanium (IV) phthalocyanine (7) 


	Conclusion

