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Abstract- The synthesis of 2-aminonaphthofuran substituted-Co(II)- phthalocyanine complex (ANFMPc) from 

Co(II) tetra carboxylic acid phthalocyanine (CoTcPc) via amide linkage has been developed. These macrocylic 

compounds have high molecular weight and soluble in organic solvents. The ANFMPc has been confirmed by 

1H-NMR, FTIR, UV-Visible X-Ray Diffraction and Thermogravimtric Analysis. The ANFMPc complex exhibits 

excellent and high stability. The ANFMPc was catalytically active in 2-amino-4-chlorophenol (ACP) oxidation. 

The reaction performed by using different solvents, different concentration, different temperature and different 

pH with ANFMPc complex as a catalyst. ACP which oxidized by dissolved oxygen using ANFMPc as a catalyst 

and immediately combined with 4-aminoantipyrine (4-AAP) to form a green dye. The intensity of absorption 

peak increases at 520 nm, which denotes the increasing of dye formation, it shows that ANFMPc complex 

exhibits good catalytic behavior on oxidation of 2-amino-4-chlorophenol.  
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Metallophthalocyanine (MPc) is very stable metal complex

good chemical and thermal stability, easy 

such as gas sensor and chemical sensors, molecule solar cells, industrial catalytic systems, 

optical materials, nanotechnology and lig

phthalocyanine are react with oxidant 

are widely used as catalyst in oxidation process [

aldehydes as major product as major product. 

new type of organic compounds [10

used in scientific area such as sensors [

materials [24], laser dyes [25]. 

Phenol compounds are good c

aromatic hydrocarbon. The structure is

public health concern to remove the 

these compounds from waste water [27

[32].  4-AAP was the most widely used analytical reagent for the estimation of phenol.  4

when treated with aldehydes /ketones,which are used in chemosensing application [

as effect chemosensors for detection of cation and anion [

ACP is a synthetic precursor of the skeletal muscle

crystals, crystalline powder, and/or chunks [

environmental protection agency as a toxic environmental water pollutants [

sigma-aldrich catalogue as a harmful substance irritating to eyes, respiratory system, and skin [

department of health and senior services classifies ACP as a hazardous substance because acute health 

occur suddenly or shortly after exposure to it including the interference with the ability of the blood to carry oxygen 

causing headache, dizziness, and a blue color of the skin and lips. 

collapse and even death [39]. 

The various methods are developed for t

spectroscopy [40] and electro-chemical met

consuming sample pre-treatment process, and also demand expensive instruments and a long analysis time, t

not suitable for regular analysis. T

accuracy, good reliability and inexpensive instruments, t

conventional electrode is used as an electroc

poor [43]. ACP has been recognized as environmental pollutants since t

animals [44].  

 

 

I. INTRODUCTION 

alocyanine (MPc) is very stable metal complex of macro cyclic tetraazopor

ermal stability, easy preparation, so using for many applications, in medical and industrial areas 

emical sensors, molecule solar cells, industrial catalytic systems, 

nology and light emitting instruments in present year 

oxidant and transfer oxygen to reactant such as alcohol, alkenes, t

catalyst in oxidation process [2-9]. They can oxidizes various phenolic compounds to quinines and 

major product as major product. The linstead was used the term phthalocyanine

10], after their accidental discovery by braun and Tcherniac in 

as sensors [13-15]. Catalyst [16-22], organic field effect transistors [

enol compounds are good chemical compounds consisting of hydroxyl functional group (

e structure is like Benzene [26], Their disposal may contaminated soil and water  because of 

e phenolic compounds, it is most important 70 develop 

e compounds from waste water [27-31]. The reported methods for removing phenolic compounds from waste water 

the most widely used analytical reagent for the estimation of phenol.  4

when treated with aldehydes /ketones,which are used in chemosensing application [33]. Its derivatives were developed 

as effect chemosensors for detection of cation and anion [34, 35].  

ACP is a synthetic precursor of the skeletal muscle relaxant; chlorzoxazone. ACP is a brown colored powder, 

crystals, crystalline powder, and/or chunks [36]. Soluble in water [37], ACP is also considered by the united states 

environmental protection agency as a toxic environmental water pollutants [38]. Pharmacologically, ACP is labeled in 

aldrich catalogue as a harmful substance irritating to eyes, respiratory system, and skin [

department of health and senior services classifies ACP as a hazardous substance because acute health 

or shortly after exposure to it including the interference with the ability of the blood to carry oxygen 

causing headache, dizziness, and a blue color of the skin and lips. At very Higher levels

ods are developed for the determination of phenol in water suc

emical method [41-42]. These methods have their own 

process, and also demand expensive instruments and a long analysis time, t

analysis. Therefore electrochemical methods overcome these limitation because of t

accuracy, good reliability and inexpensive instruments, the disadvantages of electroc

conventional electrode is used as an electrochemical detector , the over potential is high 

as been recognized as environmental pollutants since the 1986 because of t

tetraazoporphyrin. The MPc is 

in medical and industrial areas 

emical sensors, molecule solar cells, industrial catalytic systems, electro chromic devices, 

 [1]. The Cobalt and copper 

ol, alkenes, thiols, phenols etc. They 

enolic compounds to quinines and 

term phthalocyanine in 1933 to describe the 

erniac in 1907 [11-12]. MPc is 

], organic field effect transistors [23], non-linear optical 

functional group (-OH) attached with 

eir disposal may contaminated soil and water  because of 

enolic compounds, it is most important 70 develop new methods for removing 

enolic compounds from waste water 

the most widely used analytical reagent for the estimation of phenol.  4-AAP forms Schiff bases 

]. Its derivatives were developed 

relaxant; chlorzoxazone. ACP is a brown colored powder, 

], ACP is also considered by the united states 

armacologically, ACP is labeled in 

aldrich catalogue as a harmful substance irritating to eyes, respiratory system, and skin [36]. The new jersey 

department of health and senior services classifies ACP as a hazardous substance because acute health effects may 

or shortly after exposure to it including the interference with the ability of the blood to carry oxygen 

At very Higher levels cause trouble of breathing, 

enol in water such as capillary electrophoresis, 

eir own disadvantages, that are time 

process, and also demand expensive instruments and a long analysis time, these are 

ese limitation because of their high 

e disadvantages of electrochemical methods is that if a 

 and the detection selectivity is 

e 1986 because of their toxicity to humans and 
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In this work we are reporting synthesis of 2-aminonaphthofuran substituted Cobalt (II) phthalocyanine 

(ANFMPc) and characterized by FTIR spectrosopy, UV-Vis spectroscopy, NMR spectra, XRD analysis and TGA 

analysis. The ANFMPc was catalytically active in ACP oxidation. Different experimental parameters affecting the 

formation of the reaction product were studied. ACP which oxidized by dissolved oxygen using ANFMPc as a catalyst 

and immediately combined with 4-AAP to form a green dye.  The intensity of absorption peak increases at 520 nm, 

which denotes the increasing of dye formation, it shows that ANFMPc complex exhibits good catalytic behavior on 

oxidation of 2-amino-4-chlorophenol.  

II. EXPERIMENTAL 
A)  Materials and Methods 

All chemical compounds, solvents and reagents used were reagent grade and were used as such without 

purification (Sigma Aldrich CGmbH, Sternheim, Germany). The synthetic reaction was performed under nitrogen 

environment. All the solutions were prepared by double distilled water. CoPc prepared according to literature procedure 

[21-22, 32]. 

The FTIR spectra have been recorded on a Perkin Elmmer 1600 FT-IR spectrophotometer using of KBr 

pellets. 1H-NMR spectra have been recorded on a Varian Mercury 200 MHz spectrometer in CDCl3. Chemicals shifts 

reported was relatives to Me4Si as internal standards. Electronic spectra were recorded with a Perkin Elmer Lambda 25 

spectropHotometer in DMF. Thermal stability of the synthesized ANFCMPc was studied by thermo gravimetric 

analysis method by way of STA6000 system in the temperature range of 25 to 11000C with the scan rate of 150C min-1 

under blowing rate of 40 mL.Min-1 oxygen. 

 

B) Synthesis of 2-aminonaphthofuran substituted Co(II) phthalocyanine (ANFMPc) complex 

A mixture of 2-aminonaphthofuran (0.04 mmol), tetracarboxy-Co(II)-phthalocyanine (0.001 mol), Potassium 

carbonate (0.04  mmol) and N, N-Dichlorohexylcarbodiimide (catalytic quantities,  in Dimethylformamide 35 mL) was 

stirred under nitrogen environment  for 32 hr at 250C. The green color product obtained. It was washed with warm 

water after washed with methanol followed by NaOH, hydrochloric acid and distilled water. The product was dried in 

oven for 1 hr at 50-600C.  Yield=70 % [45]. 
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Scheme 1: Synthetic route for the preparation of 2-aminonaphthofuran substituted-Co(II)- phthalocyanine complex 
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C) Chromogenic reaction of 2-Amino-4-chlorophenol 

A 30 mL of 0.05 mol/L Phosphate buffer solution, 6 mL of 4-AAP (0.005 mol/L), 6 mL of DCP (0.005 

mol/L), and 6 mL ethanol were added into a 100 mL beaker. The reaction was performed by the addition of 15 mg 

ANFMPc sample into the reaction vessel and it is ultrasonication for 3 min and continues magnetic stirring at 250C. The 

reaction solution was filtered (20mM) to remove ANFMPc particles. The absorbance of filtrates from 200 to 800 nm 

were recorded by a UV-Vis spectrophotometer, and the pure distilled water was used for reference solution. For the 

optimization experiments, the variables, such as the dosage of ANFMPc catalyst, pH, and temperature were adjusted 

according to the experimental parameters of typical chromogenic reaction.     

III. RESULTS AND DISCUSSION 
1) 1H-NMR Spectra: 

 

Fig-1: NMR spectra of ANFMPc complex 

NMR spectra of ANFMPc complex in the range of 6.9 to 7.5 (ẟ:ppm) indicating the presence of aromatic and 

aliphatic group as shown in Fig.(1). 1H NMR, (DMSO), (ẟ:ppm): 7.30-7.35 Ar-H (d,2H), 7.15-7.20 Ar-H (t,2H), 7.04-

7.10, Ar-H (t,2H), 7.00, Ar-H (d,1H), 7.02, Ar-H (dd,2H), 6.95,Ar-H (d,1H), 7.05, Ar-H (S,1H), 7.20, Ar-H (d,2H), 

7.06, Ar-H (d,2H), 4.15,NH (S,1H). 
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2) FTIR-Spectra: 

The FTIR is used for the measurement of functional groups and expected bonds are observed in range of 0 to 4000 cm-1, 

the ANFMPc complex shows peak at 500-670, 700-780, 800-850, 900-945, 100-1120, 1140-1147,1200-1220, 1245-

1280, 1315-1330, 1400-1435, 1480-1550 and 1600-1625. The bands at 500-700, 750-790, 1240-1300 and 1400-1430 

are well-defined doublets and people at 1500-1900 quite intense and amide group peak observed at 3200 to 3800 cm-1 

as shown in Fig.(2).  

 

Fig-2: IR absorption spectra of ANFMPc complex 

3) UV-Vis Spectroscopy 

 

Fig-3: UV-Vis spectrum of ANFMPc 

UV-Visible spectroscopy is most widely used characteristic method to identify the compound. phthalocyanine 

complexes exhibits good spectral properties in the 150-900 nm range, i.e. the Q-band  �1�(�) → ��(� ∗)] and the 

other being the B or Soret band [�2�(�) → ��(� ∗). The Q-band region at 500- 750 nm and B or Soret band region at 

150-450 nm. Electronic spectra of compounds MPc (M= Co & Cu) are shows the Soret bands (B bands) is quite similar 

in range 150-450 nm and characteristic Q-band exist in the range 500-750 nm. Both the bands are obtained due to π-π* 

transitions in the ANFMPc molecule. 
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4) Thermogravimetric analysis 

 

Fig.(4): Thermo gravimetric analysis  

Thermmogravimetric analysis of ANFMPc [Fig.(4)], here we observed the stability of the molecule. The 

ANFMPc is stable upto 2500C and the substituted group was enhancing the thermal stability of the ANFMPc complex. 

The ANFMPc was degradation and braking of substituents at 2500C followed by phthalocyanine ring. In TGA we 

observed that the ANFMPc complex was exhibits good thermal stability at nearly 2500C so that the melting point of the 

molecule is very high nearly ≥ 7000C. Therefore the ANFMPc complex is used in electrochemical reaction for 

oxidation of 2-amino-4-chlorophenol. 

5) XRD analysis. 

 

Fig-5: XRD analysis of ANFMPc 

The X-ray diffraction patterns of ANFMPc complex is obtain using Co-kα Radiation (λ= 1.535 A0), as shown 

Fig.(5). In this method we observed the physical nature of the ANFMPc molecules. The diffraction patterns shows 

broad peaks with relatively slight variable intensity, the peak intensity enhanced with increases in the Amino-

naphthofuran group in the aryl chain [27-29, 45]. Powder X-ray diffraction patterns for the prepared complex were 

recorded in 2θ angle range of 0-1000°C. Highly incensed pattern and broader nature of the peaks exhibits the of 

complex is highly amorphous in nature.  
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The low intensity peak were observed at 2θ values 11.080, 12.000, 13.120, 14.390, 30.200, 45.000 and 20.050 for 

ANFMPc complex, at 2θ values of high intensity peaks at 09.820, 10.050, 23.150, 24.650, 25.050. 

 

6) Increment of Catalytic activity of Co (II)Pc complex by using organic solvents 

The ACP was soluble in ethanol, and it’s the one of pollutant, it is affected to the environment. In this study we 

understand the catalytic oxidation of 2-amino-4-chlorophenol with ANFMPc as a catalyst in different solvents and 

different parameters. Fig.(6) shows a time dependent UV-Vis absorption spectra of ACP in the presence of 4-AAP and 

ANFMPc as a catalyst in pH-7 (PBS) solution at 250C. The 2-amino-4-chlorophenol which oxidized by dissolved 

oxygen using ANFMPc, and immediately combined with 4-AAP to form a green dye. The intensity of absorption peak 

observed at 520 nm, which denotes the formation of dye formation [19-20]. When the reaction is carried out by passing 

excess of nitrogen to eliminate the dissolved oxygen in solution. It observed that the dye formation reduces rapidly, 

which denotes the dissolved oxygen is oxidant for the 2-amino-4-chlorophenol. 

 

Fig-6: UV absorption at 520 nm  

The experiment was carried out in different time interval (0 to 180 min). The absorption was observed at 520 nm. The 

intensity of absorption increase with time because of more dye formation. This denotes that the catalytic effect is 

involved in the formation of dye in the chemical reaction Fig.(7).   

 

Fig-7: UV absorption spectra of ANFMPc catalyzed oxidation of ACP in presence of 4-AAP 
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APPLY OF EXPERIMENTAL CONDITIONS 

6.1 Effect of solvents 

To enhancement of catalytic activity of ANFMPc, by introducing the suitable organic solvents for activation. 

Fig.(8) represents dye formation in different solvent like N,N-dimethylformamide (DMF), ethanol, acetylnitrile, water, 

benzene, toluene with respect to absorbance.  In this observation the the Tetrahydrofuran (THF), water shows less dye 

formation compared with DMF and DMSO, which clearly indicates that, DMF and DMSO solvent enhances the 

catalytic activity due to ANFMPc easily soluble in nature, than the aqueous solution and enhancing of catalytic activity 

of ANFMPc due to more exposed active sites were increase. The solvent role is also important for increase of rate of 

reaction. 

 

Fig-8: Effect of solvents 

6.2 Effect of concentration  

The concentration of solvent is the one of the important parameter for the formation of dye. The reaction was 

carried out by different concentration of 10mL, 15mL and 20mL of ethanol. It was observed that at 15 mL 

concentration the reaction rate was good compared with 10 mL and 20 mL. However more ethanol could not contribute 

to more production of dye. It clear indicates that the maximum absorbance of dye formed with in 150 min corresponded 

to the addition of 15 mL ethanol, so that 15 mL is the optimum concentration for carried out the reaction  Fig.(9). 
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Fig-9: Effect of concentration  

6.3 Effect of catalyst   

The catalyst is very important role in the measurements of absorption. The rate of reaction increases by the 

addition of catalyst.  The ANFMPc dosage of 10 mg, 15 mg, 20 mg, 25 mg and 30 mg was used for carrying the 

reaction, the maximum absorption was monitored within 150 min as shown in Fig.(10). The results show that ANFMPc 

catalyst should contribute for the formation of more dye. But excess of catalyst 30 mg did not show the best catalytic 

efficiency because of the dye deposited on the catalytic site, so that the 20 mg of ANFMPc was good for the formation 

of dye. Therefore 20 mg is good for the optimum catalytic quantity for carried out the reaction. 

 

Fig-10: Effect of catalytic quantity 

6.4 Effect of temperature 

The reaction rate increases by applying temperature. The catalytic oxidation reaction was performed in 

different temperature range from 50C, 250C 300C and 60 0C. It clearly indicates that as the temperature increase with 

increase in dye formation as shown in Fig.(11). Here we observed that at 50C temperature the reaction rate is less, when 

it is increase to higher level the reaction was gradually increase, if the temperature increase at 600C the rate of reaction 

also again  increases at. It clearly indicates that as the temperature increases the reaction rate also increase.  

 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue IV, April-2020

ISSN NO: 1781-7838

Page No:441



 

 

 

Fig-11: Effect of temperature 

6.5 Effect of pH of the solution  

The reaction rate is depending on pH of the solvents. In this study totally seven different pH solution was used 

for carrying the reaction in the range of 5.0 pH to 9.0 pH. The maximum absorption was monitored within 150 min as 

shown in Fig.(12). In these pH the dye formation good in pH-7 with in 150 min reaction time. Other pH are not that 

much suitable for the formation of dye. Therefore the pH-7 was good for the optimal experimental parameter. 

 

Fig-12: Effect of pH 
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6.6 Concentration vs reaction time 

 

Fig-13: A calibration curve between Absorbance vs reaction time/min (0 to 150 min) 

The reaction was carried out at room temperature within 150 min at pH-7 using 20 mg ANFMPc catalyst, it 

observing that as the oxygen concentration increase with increase of oxidation process observed within 150 min. the 

calibration plot of 2-amino-4-chlorophenol detection could be determined as shown in Fig.(13).  The dye formation at 

520 nm was proportional to the concentration of 2-amino-4-chlorophenol from 2.12×10-5 to 10.10×10-4 mol/L.  It 

clearly indicate that the temperature, pH, catalyst are very important parameters for the formation of dye. A calibration 

curve drawn between Absorbance and reaction time/min, with co-relation co-efficient of 0.9904 with linear regression 

equation A= 0.07134 (C)+2.8873.  

REACTION MECHANISM FOR ACP OXIDATION 
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Scheme-2: Mechanism of oxidation of 2-Amino-4 chlorophenol by ANFMPc complex 
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IV. CONCLUSION 
The present work we have synthesized ANFMPc macro molecule complex and their characterization done 

by various spectral methods like NMR, FTIR, UV-Vis spectra, XRD, TGA and Mass spectroscopy and it exhibits 

absorption at 300 to 750 and it shows good thermal stability, solubility. The ANFMPc was catalytically active in 2-

amino-4-chlorophenol (ACP) oxidation. Different experimental parameters affecting the formation of the reaction 

product were studied.. ACP which oxidized by dissolved oxygen in presence of ANFMPc catalyst and reacted with 4-

AAP to form a green dye. The intensity of absorption peak observed at 520 nm, as the concentration increases by 

increase of intensity of absorption, which denotes the increasing of dye formation, it shows that ANFMPc complex 

exhibits good catalytic behavior on oxidation of  2-amino-4-chlorophenol. 
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