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Abstract- Title compounds were synthesized by a very simple method by the polymer 

condensation of the tetracarboxylic metal phthalocyanine with 4–[(Z)Phenyldiazenyl 

benzene–1,3-diol]. The Proposed method is an excellent method for the synthesis for azo-

bridged coupling polymer phthalocyanine. This complex shows very good solubility in many 

organic solvents like ethanol, THF, DMF and DMSO. The synthesized compounds were 

subjected for radical scavenging ability using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and 

using standard Butylated hydroxyanisole. The compound (4) shows the best scavenging 

ability among the other tested compound compared to the standard. The electrochemical 

redox property of the azo-bridged polymer of tetracarboxylic copper phthalocyanine was 

explored using GCE in buffer solution (pH 4.0). Using Amperometry technique a highly 

selective and simultaneous determination of DA and AA has been explored at the modified 

GCE. Amperometric peak currents of dopamine and Ascorbic acid increased linearly with 

their concentration at the range of 2 µM to 140 µmol L−1 and 0.5 to 400 µmol L−1, with LOD 

0.66 µM/L and 0.165 µM/L and slope was 03 µAµM-1 and 8.833 µAµM-1 with a correlation 

coefficient of 0.9998 and 0.9953. No significant interference for the determination of 

ascorbic acid and dopamine was detected at 0.4 V during an addition of various compounds. 

Keywords- Soluble metallophthalocyanines, azo-bridged coupling polymer, Spectral studies, 

Dopamine, Ascorbic acid 
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1. INTRODUCTION  

       Great-performance electroactive and excellent dielectric constant of metal 

phthalocyanine (MPcs) polymers and its peripheral substituted derivatives are used in 

electrochemical sensors, high-performance electrical conductivity, dye-sensitized solar cell, 

fuel cells, sensors, actuators [1-5], artificial muscles bypass capacitors [6], in 

microelectronics and energy–storage devices [7,8]. The metal-complexes consisting of 

photoactive dielectric polymers with enhanced thermal stability emerged as new candidates 

for potential applications such as solar cells, solid-state batteries, chemical sensors, liquid 

crystals, photovoltaic cells, PDT cancer therapy, separation membranes [9-14]. Earlier, there 

has been a great deal of effort to develop polymers with enhanced functional properties. The 

present trends in polymer chemistry will be the large-scale employment of elements of the 

periodic table for the synthesis of metal-complex containing good-performance polymers 

[15], with increasing dielectric constant. In this regard, phthalocyanine (Pc) is a potential 

molecule having high dielectric constant. Literature survey says that most of the work is on 

Pc metal complex derivatives [16], but there were meager reports on Pc polymers [17]. Here 

in we describe the synthesis of metallophthalocyanine complexes substituted with compound 

(1) The substituted metallophthalocyanines were characterized by IR-vibration spectra,1H-

NMR, UV-visible spectroscopy, thermal study, mass spectra, and elemental analysis and 

were examined for free radical scavenging capacity comparison with control drugs. The 

electrocatalytic activity of bimolecular species was also explored. Dopamine is a amine 

neurotransmitter and it plays an important role in the execution of the central nervous and 

renal and hormonal system [18]. Its abnormal level in brain results in many neurological and 

psychiatric disorders including Parkinson’s disease, Schizophrenia, and Alzheimers disease 

[19-22]. L-Ascorbic acid is an essential dietary supplement which involved in the repair of 

tissue and enzymatic production of certain neurotransmitters and precursors used as an 

antioxidant agent in foods, beverages, and molecular biology or life science and medicinal 

uses due to its participation in various human metabolic reactions [23-25]. The use of amino 

acid on the electrode surface as a mediator has been used for increasing the electrochemical 

responses of bimolecular species (AA-DA and UA-AA) [26, 27]. Kamel and his co-workers 

studied the electro-oxidation of norvaline on a glassy carbon electrode [28]. In this 

discussion, we made an attempt to investigate the electrocatalytic activity of dopamine-

ascorbic acid using a GCE by chemically drop coated with azo-bridzed coupling 

metallophthalocyanine polymer core and the periphery. 
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2. MATERIALS AND METHODS 

2.1. Materials 

      All required precursors used for the synthesis were of analytical grade (Co(II)Cl2. 6H2O), 

(Cu(II)Cl2. 6H2O), (Ni(II)Cl2. 6H2O), trimellitic anhydride (C9H4O5), urea, NH4Cl, 

ammonium molybdate, sodium hydroxide, nitrobenzene, methanol, ethanol, acetone, n-

Hexane (C6H14), dimethylformamide (DMF), dimethylsulfoxide (DMSO), potassium 

carbonate (K2CO3) and phosphate buffer (pH 4.0), were purchased from pub-chem and used 

without further purification. Azo-bridged coupling metallophthalocyanine polymers were 

prepared under nitrogen atmosphere by known procedure [29,30]. N, N-Dimethyl formamide 

was pre-dried with barium oxide and distilled under reduced pressure. The chloroform used 

in the Electron absorption spectra studies was AR grade, commercial thin layer 

chromatography plates (silica gel 60 F254) were used to monitor the progress of the reaction, 

with spots observed under UV-vis light 254 and 365 nm. N1,N-Dicychlohexylcarbodiimide 

was purchased from Sigma-Aldrich and used without further purification. The stock solution 

of DA (0.01 mol/L) and AA (0.01 mol/L) were prepared by dissolving DA and AA in double 

distilled water. Dopamine hydrochloride and ascorbic acid were purchased from Sigma-

Aldrich (USA) and used without further purification. Triple-distilled H2O is used for all 

synthesis and electrochemical experiments.  

 

2.2. Methods   

      A three-electrode cell system was used for all CV-experiments. For aqueous solutions, 

Ag/AgCl as a reference electrode and platinum wire as counter electrode was used. The 

working electrode was the azo-bridged CuPc polymer drop coated GCE or unmodified GCE. 

For comparison purposes, differential pulse voltammetry (DPV) were performed with 

electrochemical workstation USA CH1620E with latest windows based acquisition s/w 

includes power supply 220V/50 Hz. The DPV was immediately performed using 10 mL of 

buffer solution (pH 4.0), with a scan range from -0.4 to 0.8 V for 20 s to establish the 

optimum conditions for the identification of DA and AA. The free-radical scavenging activity 

of the complexes in cell-free system and compared with standard butylated hydroxylanisole. 

      The 1H NMR spectra were recorded on 400 MHz Varian-AS NMR spectrometer using 

tetramethylsilane as an internal standard in dimethylsulfoxide-d6. UV visible spectrum was 

measured on ocean optics USB400, USA, using 1 cm path length cuvette at room 

temperature. Elemental analysis was carried out using a Perkin Elmer 2400 CHN instrument. 

Samples were prepared in dimethylsulfoxide at a concentration of 0.5 µM dm-3. IR spectra 

were recorded using an FT-IR 8400 Shimadzu spectrometer using KBr pellets in the range of 

450-4000 cm-1. The phthalocyanine complexes were synthesized using conventional method. 
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2.3. Synthesis procedure 

      Tetra-[β-(carboxylic acid)] Pc of copper, Nickel and Cobalt (II) complexes were 

synthesized by known procedure reported elsewhere [31-32].  2, 9, 16, 23-tetra-4-[(Z) phenyl 

diazenyl benzene-1, 3-diol] substituted metallophthalocyanines compounds [33-38], were 

synthesized by the reaction b/w a mixture of 4-[(Z) phenyl diazenyle benzene -1, 3-diole] (1.9 

g, 0.06 mmol), Tetra-[β-(carboxylic acid)] Pc, (1 g, 0.001 mmol), K2CO3 (2.5 g, 0.0025 mM) 

and  N-Dicychlohexylcarbodiimide  as catalyst in  N, N-Dimethyl formamide (25 mL) by 

constantly stirring under  N2 atmosphere for 22 h  at room temperature. The progress of 

reaction was observed by color change from blue to bluish green and the crude product was 

purified with hexane and hot water three to four times. The product was dried in a hot air 

oven for 1hr at 45 °C a pure bluish green solid was obtained (Scheme 1). 

 

  

 

 

 

 

 

 

 

 

 

 

Scheme 1.  Synthetic route of 4-[(Z) phenyl diazenyle benzene 1, 3-diol] and azo-bridged 

substituted metallophthalocyanine Polymer. M=Cu (II), Co (II), Ni (II) 

 

2.3.1. Synthesis of 4-[(Z)phenyldiazenyle benzene 1,3-diol](1) 

      An equimolar mixture of aniline (1.5 g, 0.016 moles) and resorcinol (3.62 g, 0.033 moles) 

were charged in to 100 ml of beaker kept in cold water at a temperature 0 to -5 °C and 15 mL 

of hydrochloric acid was added drop by drop slowly with constant stirring. To this, a chilled 

aqueous solution of NaNO2 (1.22 g 0.017 moles) was added in equivalent ratio with constant 

stirring. After completion of the reaction, sodium bicarbonate was added to maintaining the 

pH and recrystallize using hot ethyl acetate and collect the brick red color compound. The 

synthesized compound is readily soluble in methyl alcohol, tetrahydrofuran, and 

dimethylsulfoxide. Yield: (82 %) found: Anal. (%) calc. for [C12H10N2O2]: C, 67.12; H, 4.69; 

N, 13.10: Found: C, 67.06; H, 4.26; N, 12.86; IR (KBr, cm-1): 3325 (-OH), 2924 (Ar-CH), 
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2854 (C-OH), 1256 (C-N), 1H NMR (DMSO-d6, δ ppm) 8.6 - 9.1 (m, Ar-H), 3.4 - 3.8 (s 

OH). (scheme S2) 

 

Scheme 2. Synthetic route for 4-[(Z) phenyl diazenyle benzene 1, 3-diol] 

 

2.3.2. Preparation of Tetra-[β-(carboxylic acid)] Cu(II)Pc 4–[(Z)Phenyl diazenyl 

benzene–1,3- diol](2) 

      A mixture of tetracarboxcy copper (II) phthalocyanine (1 g, 0.0014 mmol), K2CO3 (2.5 

gm0.018 mM) and N1, N-Dicychlohexylcarbddiimide(Catalytic amount) in 

dimethylformamide(20 mL) was constantly stirred for 1 hour. Then add 4-[(Z) phenyl 

diazenyl benzene -1, 3-diol] (1.9 g, 0.006 mM) to the above reaction mixture and was stirred 

in a N2atmosphere for 24 h. After completion of reaction the product was poured in to beaker 

containing ice-cold water, the reddish green precipitate appeared. Repeatedly purified the 

crude product with hexane followed by hot water and finally washed with methanol. Yield: 

(80%) found: Anal. (%) Calc for FT-IR (KBr, cm-1) 2851 (Ar-CH), 1629 (C=N), 1582 (C=C) 

1462, (C-C) 1628, (C=N) 1354 (C=C), UV- vis spectra (H2SO4, λmax(nm)):437-448 nm, 576-

612 nm. 

 

2.3.3. Preparation of Tetra-[β-(carboxylic acid)] Co(II)Pc 4–[(Z)Phenyl diazenyl 

benzene– 1,3- diol]:(3) 

      A mixture of tetracarboxyliccobalt(II)phthalocyanine (0.1 g, 0.0014 mM), K2CO3 (2.5 gm 

0.018 mM) and N1, N-Dicychlohexylcarbodiimide(Catalytic amount) in dimethylformamide 

(20 mL) was stirred constantly for 1 h. Then add 4-[(Z)phenyldiazenyl benzene -1,3-diol] 

(1.9 g, 0.006 mM) and the reaction complex mixture was stirred in a N2 atmosphere for 22 h. 

After completion of reaction the product was poured in to beaker containing ice-cold water, 

the reddish green precipitate appeared. The crude product was repeatedly washed with 

hexane followed by hot water. Yield: (80%) found: Anal. (%) Calc for FT-IR absorption 

bands (KBr (pellet) cm-1): 2918, (Ar-CH), 1611 (C=N), 1555 (C=C), 1477 (C-C), 1611 

(C=N), 1386 (C=C), 1329, 1246, 1162, 744   UV- Vis spectra (H2SO4, λmax(nm)): 432-435 nm 

and 586-608 nm. 
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2.3.4. Preparation of Tetra-[β-(carboxylic acid)] Ni(II)Pc 4–[(Z)Phenyl diazenyl 

benzene– 1,3- diol]:(4) 

      A mixture of tetracarboxylic nickel(II)phthalocyanine (0.1 g, 0.0014 mM), K2CO3 (2.5 

gm 0.018 mM) and N1,N-Dicychlohexylcarbodiimide (Catalytic amount) in 

dimethylformamide (20 mL) was constantly stirred for 1 h. Then add 4-[(Z)phenyldiazenyl 

benzene -1,3-diol] (1.9 g, 0.006 mM) the substituted MPc- reaction mixture was stirred under 

N2 atmosphere for 24 h. After completion of reaction the product was poured in to beaker 

containing ice-cold water a reddish green precipitate appeared. The crude product was 

repeatedly purified with hot water followed by hexane. Yield: (80%) found: Anal. (%) Calc 

for FT-IR (KBr, cm-1) 2924 (Ar-CH), 1620 (C=N), 1566 (C=C), 1477 (C-C), 1330, 1385, 

1153, 1093, 744 are attributed to the various skeletal vibration of MPc. 1H (NMR) (DMSO- 

d6, δ ppm):7.0 to 8.6 (m, Ar-H). UV- Vis spectra (H2SO4,λmax(nm)): 426-432 nm and 580-

610 nm. 

      The proton NMR spectrum of the azo-bridged polymer substituted nickel (II) 

phthalocyanine compound (4) displayed in Figure 1.  

 

 

 

Fig. 1. 1H NMR spectrum of azo-bridged coupling polymer of nickel phthalocyanine 

 

      The chemical shift of aromatic proton was observed at 8.4-9.2 ppm is assigned to (m Ar-

H), 3.4 to 3.9 (s OH), the same peaks were absent in the compound (4) (Figure 1) which 

proves the completion of the reaction. The IR spectrum (Figure 3), the peak at 3600 cm-1, is 

attributed the moisture in all the complexes. The sharp peaks observed in the range of 2854-

2924 cm-1 was assigned to (Ar-CH) stretching, and 895-1311 cm-1 for aromatic CH bending.  
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Fig. 2.   NMR Spectra of 4–[(Z) Phenyl diazenyl benzene–1, 3- diol] 

 

   

Fig. 3. IR-spectra of azo-bridged coupling polymer of nickel phthalocyanine 

 

 
 

Fig. 4. Electronic absorption spectra of azo-bridged coupling polymer Nickel, Cobalt Copper 

Pc 
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The peak at 1388-1442 cm-1 is assigned to C-N group and peak at1535 cm-1 is due to N=N 

group. The peak in the range of 1087-1300 cm-1 and 1573 cm-1 were assigned to C-O and 

C=N respectively (Figure 3). The newly synthesized azo-bridged dye appended polymer 

metallophthalocyanines exhibits B band in the region 280-360 nm and 400-480 nm for nickel, 

cobalt and cupper(II)phthalocyanine complexes respectively (Figure 4). 

      Peripheral substitution of MPcs shows hard splitting Q band which was attributed to the 

π-π* transition from the highest occupied molecular orbital to lowest unoccupied molecular 

orbital of the phthalocyanine (MPcs) ring and Q band in the range 520-610 nm for nickel(II) 

phthalocyanine complex. 

 

2.4. Thermogravimetric studies 

 

 

 

Fig. 5. Thermograms of MPc azo-bridged coupling polymer nickel phthalocyanine Thermal 

Analysis 

 

     First loss around 115 °C is due to bound moisture and exhibit second stage loss in the 

range of 280 °C to 360 °C is due to the loss of substituted phthalocyanine peripheral moiety 

and third stage loss in the range of 380 °C to 470 °C is due to decomposition of 

phthalocyanine core (Figure 5) 

 

2.5. Mass spectra 

      The mass spectra of the synthesized 4-[(Z) phenyl diazenyle benzene 1, 3-diole] was also 

confirmed the structure (Figure 6). The molecular ion peak of [4-[(Z)phenyldiazenyle 

benzene 1, 3-diol] is observed at 215 (M+) which is in good agreement with calculated 

molecular weight 214. 
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Fig. 6. Mass spectra of 4-[(Z) phenyl diazenyle benzene 1, 3-diole] compound 

 

3. RESULT AND DISCUSSION 

3.1. Cyclic voltammetric studies 

3.1.1. Electrochemical behavior of Dopamine on modified electrode 

      The CV obtained at modified electrodes gives a redox couples at formal potentials E0 of 

 -0.180 mV was for the azo-bridged substituted copper(II)phthalocyanine at glassy carbon 

electrode in buffer solution (pH 4.0) After the addition of 10 µM dopamine a sensitive redox 

couples at formal peak potential E0 of 0.38 mV as shown Figure 7.  

 

 

 

Fig. 7.  Cyclic voltammogram overlay plots in PBS (pH=4) electrolyte system: (a) GCE bare, 

(b) azo-bridged CuPc Polymer modified GCE (c) 10 µM dopamine with azo-bridged CuPc   

Polymer drop coated glassy carbon electrode   Scan rate 50 mVs-1 
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This shows that the chemically drop coated glassy electrode has a good electrocatalytic 

activity towards the oxidation of dopamine. The voltammogram is quasi-reversible in nature 

after the addition of [4[E]-phenyldiazonyle benzene 1.3-diole]. When a continuous CV scans 

was performed, by increasing the concentration of dopamine, the anodic and cathodic peak 

current increases as potential decreases. The DA oxidation process on the surface of the 

substituted CuPc modified GCE is as follows: DA diffuses from the bulk of the solution to 

drop coated electrode surface and is adsorbed on the pharpherine ring 18-П electron 

conjugated system of substituted MPcs [39].  

      Then the complex reaction takes place between the central metal ion and dopamine and 

makes the modified electrode active. The electrons lost from DA are adsorbed on the 

hydrophilic surface of the GCE by CuIII/ CuII, on chemically drop coated electrode, the 

oxidation of DA in buffer solution (pH 4.0) occurs as a two-step electrocatalytic process 

initiated by the electrochemical oxidation of substituted MPc.  

 

 

 

Fig. 8. Cyclic voltammograms of azo-bridged Pc Polymer modified GCE with (a) Different 

concentrations of DA; 10 µM to 160 µM at buffer solution (pH 4.0) run rate 50 mV s1and (b) 

anodic peak current v/s concentration of dopamine 

       

This action was completed by the chemical oxidation of dopamine and the regeneration of 

CuII MPc. The most important feature of this reaction was that the anodic peak current was 

increased, and the peak potential shifted towards negative with a decrease in potential during 

the oxidation process of bio-molecule and the significantly enhanced catalytic effect was due 

to substituted MPc moiety. Electrochemical-catalytic effect of dopamine on typical electrodes 

has been described [40-42]. Oxidation of dopamine was dependent on (pH 4.0) buffer 

solution and it is a two-electron process which is abetted or assisted by a transfer of 02 

protons in acidic media. One wave is observed on the cathodic scan due to the reduction of 

the dopamine in alkali media. 

a b
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      The cyclic voltammogram of DA on the un-modified GCE at pH 4.0 shows an anodic 

peak potential at 0.52 V versus Ag/AgCl and it is shifted to lower positive potential 0.32 V 

on modified GCE. The oxidation of dopamine is generally characterized by a high degree of 

quasi-reversibility but the reversibility of the oxidation couple shows the improvement with 

modified GCE, and greatly improves the potential separation of 80 mV b/w the anodic and 

cathodic peaks. The linear calibration graph for anodic peak current vs the concentration of  

DA is linear equation Y= 0.078 (DA) + 27.494 and correlation coefficient R2 = 0.9983 and 

linear range 10 µM to 160 µM as shown Figure 8, the slope and sensitivity of the linear curve 

for DA was 0.078 µAµM-1 and voltammetric detection limit (based on 3σ) using the complex 

(2) modified electrode for DA was 0.333 µM. the detection system was very stable and the 

relative standard deviation (RSD) for the slope variations, based on 6 calibration 

measurements during one month, 2.5% for DA, linear relationship between the ipa and 

volume of DA was observed on drop coated GCE (Figure 8a),  

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.  CVs- of azo-bridged Pc Polymer modified with 10 µM dopamine/ GCE at (a) 

different Scan runs and (b) Linear graph showing adsorption controlled reaction dependence 

log(peak current)/µA vs. log(scan rate) 

 

3.1.2. Effect of scan rate on the oxidation of dopamine 

      The CVs of 10 µM dopamine in pH 4.0 buffer solution at different scan rates Figure 9a. 

Both oxidation peak current and peak potential were increased with increasing scan rate from 

10 to 90 mV s-1, which is linear calibration dependence of log (ipa) vs. log(υ(v/s)) with the 

correlation coefficient (R2) of 0.9996. The CVs in Figure 9b suggest that the oxidation of DA 

at the modified GCE was adsorption controlled process. 

 

a b
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3.1.3. Electrocatalytic behavior of the azo-bridged Pc Polymer/GCE towards AA 

      The electrochemical response of the azo-bridged Cu(II)Pc polymer modified GC 

electrode in buffer solution (pH 4.0) containing ascorbic acid of 0.05 mM to 160 mM (Figure 

10) depicts that the anodic peak current enhanced with rising ascorbic acid concentration. The 

modified electrode provides a large potential window to study the electrochemical behavior 

of ascorbic acid. In the absence of ascorbic acid, the ip and Ep are Ep= 369 mV and ip= 0.1122 

µA, but it was shifted to 282 mV and ip= 0.363 µA in presence of AA.  

       The AA was linear in concentration range of 0.05 mM-160 mM with a correlation 

coefficient (R2) of 0.9972. This indicates that the electrode reaction was adsorption controlled 

process. The Detection limit of 1.65 µM and sensitivity was 0.082 µAmM-1 in the case of the 

azo-bridged Cu(II)Pc Polymer modified GCE for AA. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Cyclic voltammograms of azo-bridged Cu(II)Pc Polymer modified GCE with 

Different concentrations of AA: a) 0.1; b) 0.2; c) 0.3; d) 0.4; e) 0.5; f) 0.6; g) 0.7; h) 0.8; i) 

0.9 mM; solution (pH 4.0) with scan rate 50 mV s-1 

 

3.1.4. Effect of scan rate on the electrocatalytic capability of L-Ascorbic acid 

      The CVs in Figure 11a indicate 10 µmol AA in buffer solution (pH 4.0). Various scan 

runs.  Both the oxidation ip and Ep (ip= peak current and Ep= peak potential) were increased 

with increasing scan runs from 10 to 90 mV s-1, and the correlation coefficient is (R2) 0.9975. 

The influence of different scan runs on the positive peak current of AA was studied by CVs 

in (Figure 11b). The results showed that the peak current intensify by increasing the scan rate. 

The good linear relationship log(ipa) and log(υ (V/s)) within the scan rate of 10 to 90 mV s-1 

confirms a adsorption-controlled process on the azo-bridged polymer Cu(II)Pc modified 

electrode. [43-46]. 

 

 

ba
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Fig. 11. Cyclic voltammograms of azo-bridged Pc Polymer modified with 10 µM AA/ GCE 

at (a) different Scan and (b) Linear graph showing adsorption controlled reaction, dependence 

log(peak current)/µA vs. log(scan rate). 

 

 

3.2. Simultaneous voltammetric detection of L-ascorbic acid and dopamine at 

GCE/azo-bridzed polymer CuPc modified electrode 

             Ascorbic acid is oxidized at the potentials very close to that of the dopamine, 

resulting in an overlapping of electrochemical responses making their sensing difficult. The 

detection of AA with DA, a number of chemically drop coated electrodes has been developed 

to separate the voltammetric response [47-48]. Figure: 12 presents CVs of azo-bridged 

polymer complex (2) modified electrode for the simultaneous voltammetric determinations in 

mixture of L-Ascorbic acid and dopamine. Figure 12 and 13 show cyclic voltammetry and 

differential pulse voltammetry for the mixture of experimental analytes (at all concentration 

range of 10 µM) on both unmodified and the modified GCE. The voltammetric detection 

limit of the azo-bridged polymer complex (2) modified electrode for ascorbic acid was 0.34 

µM. the R.S.D. for the slope of the resulted curve, based on five replicates, was 3.0%. The 

electrode showed very good stability; the R.S.D (%) for the slope variation, based on 06 

measurements during 01 months, was 2.3%. 

      The modified electrode successfully applied for the simultaneous voltammetric 

determination of ascorbic acid in presence of dopamine. Figure 13 depicts the differential 

puls voltammogram responses of solutions containing 10 µM to 100 µM [49-51]. 

 

 

a b
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Fig. 12. Cyclic voltammograms of the mixture containing a) 10 µM DA and different 

concentration of AA as: (a-k) 10 µM to 100 µM at azo-bridged polymer Pc modified 

electrode in buffer solution (pH 4.0) with the scan rate of 50 mV s-1 

 

Table 1. Comparison of the performance of the proposed sensors with some modified   

electrode used for the determination of dopamine and L-ascorbic acid 

 

 

3.2.1. Differential pulse voltammetric investigations of AA and DA 

      The differential puls voltammetry appears as a very sensitive technique for the 

determination of very little amount of ascorbic acid, the DPV curves using buffer solution of 

(pH 4.0) containing various concentrations of L- Ascorbic acid shows a linear variation in the 

Electrode      Analyts methods Linear 

range 

(µM/L-1) 

Sensitivity, 

(µAµM-1cm-2) 

LOD 

(µML-1) 

Ref. 

Gr/CuPc/PANI AA 

 

DA 

CV 

 

 

0.5-0.12 

 

- 

0.024 

 

- 

0.06 

 

- 

[53] 

 

CoNSal/TOAB/CPE AA 

 

DA 

CV  01-100 

 

 01-100 

- 

 

- 

0.70 

 

0.50 

[54] 

GCE/MWCNT/PdPc AA 

 

DA 

CV   03-2.4 

 

  02-1.6 

0.101 

 

0.193 

1.0 

 

0.60 

[55] 

Azo-bridzed-CuPc 

polymer/GCE 

AA 

 

DA 

CV 5 -  120 

 

 10 – 160 

0.082 

 

0.078 

1.66 

 

0.33 

This work 

AA 

 

DA 

DPV 

 

- 

  5 -100 

 

- 

18.9 

 

- 

0.157 

 

- 

AA 

 

     DA 

CA 

 

CA 

0.5-400 

 

  02- 140 

8.833 

 

       3.0 

0.16 

 

0.66 
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range of 5 µM to 100 µM, with slope and LOD is 18.99 µAµM and 0.157 µML-1correlation 

coefficient (R2) of 0.986. The influence of L-ascorbic acid and dopamine were examined in 

detail. Figure 13 shows the DPV of 02 µM DA in the presence of different concentration of 

AA, 05 µM to 100 µM. The anodic peak difference (ΔEpa) between dopamine and ascorbic 

acid was about 176 mV, which was enough for the selective determination of ascorbic acid in 

the presence of a dopamine concentration as shown in Figure 13. The linear response 

obtained between the peak current vs concentration of AA satisfied the straight line equation 

using modified electrodes respectively. 

 

 

 

Fig. 13. DPVs for solutions containing fixed dopamine concentration (02 µM), and different 

concentrations of L-ascorbic acid at (05 µM to 100 µM) in buffer solution (pH 4.0) Pulse 

amplitude of 50 mV s-1 

 

3.2.2. Electrochemical determination of dopamine and L-ascorbic acid using 

chronoamperometry 

      In order to evaluate quick response character and linear range of the modified electrode, 

we have undertaken the determination of L-ascorbic acid and dopamine using 

chronoamperometry, for its greater sensitivity under stirred conditions compared with cyclic 

voltammetry. The amperometry responses of the modified GC electrode with dopamine and 

L-ascorbic acid at an applied potential of 0.4 V respectively are illustrated in Figure 14. After 

successive addition of dopamine and L-ascorbic acid solution of various amounts in buffer 

solution, a stepwise growth of the oxidation current is observed. The response time in the 

amperometric mode was less than 3s in case of dopamine and 3s in case of AA, revealing the 

dynamic response of the drop coated electrode towards L-ascorbic acid and dopamine. 

      The azo-bridged polymer Cu(II)Pc modified electrode exhibited quick and sensitive 

amperometric response to each drop of dopamine. The response current reached 94 % steady-

state current within 5s of dopamine injection indicating dynamic detection. The concentration 
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dependent linear plot displayed good linearity with slope (inset to Figure 14a). The working 

concentration range was linear from 02–140 µmol with sensitivity of 3.0 μAμM–1 cm-2. The 

limit of detection (LOD) was 0.666 μM (S/N= 3) and calculated using the formula, LOD= 3 

sb/S where, sb is the standard deviation of ten blank measurements and S is the sensitivity 

[52]. The important parameters of sensor, such as LOD, linear range and sensitivity were 

compared with other modified electrodes available in literature (Table 2). The analytical 

performance of the azo-bridged polymer Cu(II)Pc/GCE is comparable with the other reports. 

Remarkably, LOD of the sensor is much lower than the other reported sensors. 

 

 

 

Fig. 14. Chronoamperometric response of Azo-bridged polymer CuPc/glassy carbon 

electrode upon Successive addition of different amounts of dopamine (a) and L-ascorbic acid 

(b) in buffer solution (pH= 4.0) with constant rotations    at an applied potential of 0.4 V etc 

 

Table 2.  The amperometric techniques observed for the determination of dopamine and 

L-ascorbic acid 

 

       

Electrode                  Technique Analytes Sensitivity 

 (µAµM-1  cm-2)     

Linear 

Range 

(µM L-1) 

  LOD   

(µM L-1) 

 

Ref. 

GCE/MWCNTs/Pd

TAPC 

Cyclic  

voltammetry 

DA 

AA 

1.930 

1.015 

 2-16 

 2-24 

0.60 

1.0 

[55] 

Azo-bridged-

CuPc-

polymer/GCE     

Amperometry DA 

AA 

    3.0 

    8.83 

02-140 

0.5-400 

0.66 

0.16 

This 

work 
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      Figure 14b presents the amperometric curves obtained for Azo-bridzed Cu(II)Pc modified 

glassy carbon electrode for simultaneously addition of AA into buffer solution (pH 4). The 

RPM was 1400 RPM, while Ep was +0.4 V.  Peak current plot dependence on concentration 

of solution shows good linearity with slope of 8.833 μAμM-1 (inset Fig.14d). The 

concentration range was linear from 0.5 to 400 µM L-1 with sensitivity of 8.833 μAμM–1cm–2, 

while lower limit of detection   was calculated to be 0.167 μM L-1(S/N=3). The above stated 

sensor parameters, such as α, Do, detection limit and linear range were compared with other 

sensors (Table 2). The stated sensor exhibited quite comparable results with reported sensors. 

Notably, lower detection limit of the sensor is 1.107 μM which surpassed most of the 

reported MPcs based sensors. Therefore, the above stated Azo-bridzed CuPc polymer drop 

coated method has excellent advantage over other methods. 

 

3.2.3. Interference experiment 

       Various bimolecular species were added into the buffer solution (pH 4.0) at 0.4 V to 

examine whether they interfered with the electrochemical analysis of dopamine and Ascorbic 

acid using Azo-bridzed substituted CuPc modified glassy carbon electrode.  

 

 
 

Fig. 15.  Amperometric curve for the addition of 0.2 mM AA (a), 0.1 mM dopamine (b), 0.3 

mM glucose (c), 0.35 mM L-Tyrosine (d), 0.4 mM uric acid (e), 2.5 mM Alanine (f), and 0.3 

mM glycine (g), 0.25 mM AA (h), 0.2 mM DA (i), 0.4 mM L-Histidine (j) in buffer solution 

(pH 4.0). Applied voltage: 0.4 V 

 

      As shown in Fig. 15, when 0.2 mM AA and 0.15 DA was added into the buffer solution 

the current response comparatively enhanced. Comparison to AA and DA when 0.3 mM 

glycine, 0.35 mM L-Tyrosine, 0.4 mM uric acid, 2.5 mM alanine, 0.25 mM AA, 0.2 mM DA, 

and 0.4 mM L-Histidine were added, there is no interference from these substances was 
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observed at 0.4 V. Therefore, the Azo-bridzed material electrode exhibits very good 

selectivity for the determination of DA and AA. 

 

3.2.3.1. Electrode performance of Cu, Ni, and Co, cat- ions 

       Azo-bridzed polymer substituted phthalocyanine complexes shows very good activity in 

physico-chemically and electro-chemically active metals, the metallophthalocyanine 

complexes studied show higher current responses than the unmodified GCE. The general 

trend for the improvement of the current response of the GCE by MPc is as follows 

Cu(II)Pc>Ni(II)Pc>Co(II) Pc>GCE in present work shows the substituted Cu(II)Pc, and 

complexes are the highly electro active molecules as compare to other cat-ions as shown in 

figure 16 proves in revised manuscript. And also metal-complexes was subjected in to 

biological study, complexes (Ni & Cu) are potent active as compared to other complex. 

 

 

 

 

Fig. 16. Cyclic voltammograms of (a) Bare-GCE, (b) Azo-bridzed substituted Ni(II) 

phthalocyanine, (c) substituted Co(II) phthalocyanine (d) substituted Cu(II) phthalocyanine 

using buffer solution (pH 4) scan rate 50 mVs-1 

 

3.3. Biological study 

3.3.1. Antimicrobial activity 

      The synthesized MPcs in DMSO as solvent  were screened for microbial activity against 

Gram+vestaphylococcus aurous, and Gram-veKlebsiella pneumonia, Pseudomonas 

aeruginosa, Escherichia coli and in vitro antifungal activity against A. Niger and Candida 

albicans by taking ciprofloxacin as standard and  experimental results are tabulated in  (Table 



Anal. Bioanal. Electrochem.,Vol. 11, No. 4, 2019, 460–483                                                 478 

 

3) . The results revealed that complex (2-4) was found to be more active than the standard as 

it shows a good zone of inhibition against all tested bacterial isolates. Among the synthesized 

MPc 3 and 4 exhibited pronounced activities against bacterial stains and fungal stains as 

compared with standard, but the complex 4 shows least activity when compared with 

standard. The enhanced in biological function of synthesized compounds (2, 3 and 4) may be 

due to the accelerated penetration of synthesized compounds into the lipid membranes. 

 

Table 3.  Microbial activity of tetra-4-[(Z) phenyl diazenyle benzene 1, 3-diol] substituted 

phthalocyanine (complexes 2, 3 and 4) 

 

      A achievable mode of toxicity enhanced may be considered in the light of chelation 

theory which considerably reduces the polarity of the metal complex ion because of its +ve 

charge with the donated groups and possible P-electron delocalization over whole chelate 

ring. Such chelation could increases the lipophilic character of central metal ion and its 

subsequent permeation through semi permeable lipid cross section of the cell which blocks 

the metal binding sites in the enzymes of microorganisms, Solvent used: DMSO (Dimethyl 

sulphoxide),Standard: ciprofloxacin. 

 

 

 Minimum inhibitory concentration (MIC) in g/mL 

Compounds Concentration in g P. aeruginosa B. Subtilis E. coli S. aures 

 

 

 

2 

25 09.0 07.0 08.0 06.0 

50 10.0 13.0 10.0 11.0 

100 12.0 14.0 12.0 13.0 

250 15.0 16.0 15.0 22.0 

500 17.0 22.0 17.0 26.0 

 

 

 

3 

25 16.0 13.0 15.0 13.0 

50 19.0 16.0 18.0 15.0 

100 20.0 17.0 20.0 16.0 

250 21.0 22.0 23.0 20.0 

500 23.0 25.0 25.0 24.0 

 

 

 

4 

25 00.0 05.0 06.0 08.0 

50 10.0 05.0 07.0 15.0 

100 13.0 07.0 10.0 13.0 

250 17.0 10.0 12.0 22.0 

500 21.0 17.0 13.0 25.0 

 

 

Standard 

Ciprofloxacin 

25 30.0 20.0 26.0 25.0 

50 32.0 24.0 29.0 28.0 

100 34.0 27.0 32.0 31.0 

250 35.0 30.0 34.0 34.0 

500 38.0 36.0 38.0 36.0 
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3.3.2. Determination of DPPH scavenging free radical activity 

      DPPH (2, 2-diphenyl-1-picrylhydrazyl) scavenging free radical technique is an 

extensively preferred technique for evaluating the antioxidant properties of compounds such 

as synthetic ones and plant extracts.  

 

Table 4. DPPH radical scavenging activity of azo-bridged polymer Pc, (2-4) 

 
Compound Concentration in μg % Free radical  scavenging activity BHA Reference 

2 5 30.5 54.1 17.6 54.27 

3 25 51.2 11.8 80.6 70.10 

4 50 82.4 89.5 100 91.82 

 

      The DPPH molecule is a highly stable free radical molecule which is capable of capturing 

and hydrogen free radical or electron to become stable [56]. The radical scavenging 

capability induced by antioxidant molecules can be interpreted by observing the decrease in 

spectra photometer absorption at 517 nm. This causes the radicals to be cleared by hydrogen 

provided by antioxidant molecules. This results in a visually noticeable change in color from 

mordant to yellow [57]. In this work, we used DPPH free radical scavenging method to 

evaluate antioxidant potential of the synthesized MPc (2-4) compounds. As shown in (Figure 

17 and Table 4). The DPPH radical scavenging activity of azo-bridged polymer Pc compound 

and the butylated hydroxyanisole (standard) was measured according to the known 

techniques [58-60]. The DPPH free radical is a more stable free radical having λmax at 517 

nanometer. The various concentrations (0.5, 25, 50, µg/ml) of azo-bridged polymer CuPc in 

dimethylsulfoxide, 05 ml of a 0.1 mmol ethanolic solution of DPPH was charged to these test 

tubes and vigorously shaken and a control without the test complex, but with an equi-molar 

ratio of ethanol was monitored. The tubes were allowed to keep at room temperature for 30 

min and samples were measured at 517 nanometer using spectrophotometer UV-visible. The 

absorbance of the 2, 2-diphenyl-1-picrylhyrazyl control was also noticed.  

 

 

Fig. 17. Determination of DPPH free radical scavenging activity 
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The radical scavenging activity was evaluated using the formula: free radical scavenging 

activity (%)=a-b/a x 100, where a is the absorbance of 2, 2-diphenyl-1-picrylhyrazyl and b is 

the absorbance of 2, 2-diphenyl-1-picrylhyrazyl in standard combination. The (Table 4) 

reveal that antioxidant activity at various concentrations of azo-bridged polymer MPc 

complexes (2-4) in ethanol and acidic in terms of scavenging free radical capacity which was 

examined using 2, 2-diphenyl-1-picrylhyrazyl assay. The metal complex exhibited command 

oxidant activity by free-radical scavenging 2, 2-diphenyl-1-picrylhyrazyl found to be dose-

dependent. The synthesized complex 3&4 was shown to be more potent than synthesized 

complex 2 as compared with standard butylated hydroxyanisole and the results were 

tabulated in (Table 4) [61]. 

 

4. CONCLUSION 

      In this paper we successfully synthesized azo-bridged polymer metallophthalocyanines 

and were characterized by 1H NMR, IR-Vibrational spectra, Electronic absorption spectra, 

mass spectra, and thermo gravimetric techniques. The title compound shows excellent 

thermal and chemical stability. The coupled synthesized compounds are soluble in most of 

the organic solvent like alcohol, ethyl acetate, pet ether, DMSO and DMF etc. 

Electrochemical analysis show that the chemically drop coated GCE has an excellent 

catalytic effect towards the oxidation of dopamine and L-ascorbic acid on its lower potential 

that was significantly shifted toward negative. The drop coated GCE showed greater 

sensitivity, selectivity, and antifouling properties. The sensitivity and selectivity for the 

simultaneous electrochemical detection of L-ascorbic acid, dopamine was depended on the 

azo-bridged polymer substituted MPcs. The sensitivity values were found to be 8.83 µAµM-1 

and 03 µAµM-1 with limit of detection 0.16 µM and 0.66 µM, and co-relation coefficient was 

(R2) 0.9972 and 0.9983. No significant interference for the determination of ascorbic acid and 

dopamine was detected at 0.4 V during an addition of various bimolecular species, like 

glucose, L-Tyrosine, uric acid, alanine, glycine, and L-Histidine. This drop coated modified 

electrode has various good properties, like simple sample preparation methods, 

reproducibility and fast response time and good stability. The proposed methods were applied 

to the determination of AA, DA in real samples with satisfactory results. 
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