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Abstract: Green coloured analogue with a special metal inorganic macrocyclic compound is used as an 

electrode material for supercapacitor. In this work tetra (1-(2-amido phenyl) pyrrole) cobalt 

phthalocyanine synthesised by conventional method and followed by doping with MWCNT 

(CoTAPPc/MWCNT). The electronic and structural property of synthesised catalyst was characterized 

by UV, XRD, FTIR and TGA.  The prepared catalyst ishighly amorphous in nature and thermally stable. 

The electrochemical capacitive behaviour of cyclic voltammetry and galvanostatic charge/discharge 

method. Theresults show the maximum specific capacitance 356.98F/g at 0.1mv/S and 352.15F/g at 

0.1A/g. the energy density was 112.28Wh/kg at the power density of 0.012 kW/kg. After 1000 cycles, it still 

maintained steady specific capacitance. The results show that the supercapacitor constructed by 

CoTAPPc/MWCNT material has high current charging discharging capacity, with longer cycle life and 

high energy density. 

 

I. INTRODUCTION 

With the innovative interest in alternative energy sources and the consideration of the  advantages of the green 

energy, there is clearly need for the development of durable and efficient energy storage systems which led to 

grow rapidly research over the last two decades in both industry as well as academia[1-6]. Research is focused 

on the two aspects, energy generation and energy storage with some effort focussed on distribution. In this way 

the supercapacitors are the optimistic and large amount of energy storage devices which showed large capacitive 

properties with a longer cycle stabilities [7-8]. These supercapacitors consist of three components, among them 

two electrodes in an electrolyte with a separator. The electrodes are built up by active carbon materials like 

carbon nanotubes, carbon aerogels, carbon templates, activated carbon fibres[9-15], in this way the electrolyte 

seems to be important, the electrolytes may be organic, aqueous and polymer gel electrolyte[16-19]. Among the 

many materials carbon material can show better capacitances due to its high surface area, good thermally 
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stability, low cost, commercially available and better electrical conductivity. Hence for getting excellent 

capacitance result it is preferably use the active carbon materials. The electrical energy is stored in the carbon 

based supercapacitors on the carbon surface so it can be named as electrical double layer supercapacitors 

(EDLC). In principle, the higher surface area larger will be the capacitance. But in case of specific capacitance 

is not directly proportional to its surface area for an activated carbon [22] due to they have pores on the surface. 

The metal Phthalocyanines (MPc) are the macrocyclic structures molecules. These are getting much attention 

for many applications as for solid phase extractions[23, 24], sensing[25], electrocatalysts[26], colorants[27], 

liquid crystals[28], and photo dynamic therapy[29]. Along with these applications, phthalocyanine can 

immensely show the capacitive baehaviour, due to the MPcs have covalently bound axial substituents may 

promote the molecules physicochemical properties. This is because the central metal allows the introduction of 

two appropriate axial ligands to inhibit the π-π interaction within the phthalocyanine rings[30, 31]. –NH groups 

in MPc have also lead to enhance the supercapacitve behaviour, also the composites of MPc composites of 

active carbon like graphene oxide, nanotubes show a excellent capacitive behaviour. 

In this work, we report the synthetic route for Tetra substituted phthalocyanines, then study the comparative  

supercapacitive behaviour of CoTCPC/MWCNT and CoTCPc using cyclic voltammetry, galvanostatic charge 

and discharge and electro-chemical impedance spectroscopy techniques. 

II. Experimental Details: 

A) Materials: 

1, 2, 4- Benzene tri-carboxylic anhydride i.e. trimellitic anhydride (TMA), Multiwalled carbon Nano 

tubes(MWCNT), 1-(2-Aminophenyl) pyrrole was procurred from sigma Aldrich., Hydrochloric acid (HCl), 

Dimethyl Formamide (DMF), Sodium Hydroxide pallets, N, N` Dicyclo hexyl carbamide (DCC), urea, 

ammonium ferrous sulphate hexahydrate(FAS), Cobalt chloridepurchased from spectrochem chemicals. 

B) Synthesis of Tetracarboxy Cobalt phthalocyanine  

The tetracarboxy cobalt (II) phthalocyanine (CoTCPc)prepared by the microwave synthetic method  reported 

in the literature [32-34] with little modification as depicted inScheme 1. A mixture of TMA 0.4g (10mmol), 0.1g 

of Cobalt Chloride (2mmol), 16g of urea(130mmol), 0.14g of FAS (5.4mmol) and 0.1g of ammonium hepta-

hydrate (as a catalytic amount) were ground together to a fine powder was irradiated in a 250ml of glass beaker 

in the domestic oven. As the reaction goes on a leaf green coloured product is formed, the product can be treated 

with double distilled water, ethanol, dil.NaOH, dil. HCl, filter and dried in oven at 50
0
C for 15Hrs, nearly 80% 

is obtained. IR (KBR); in cm
-1

; 3380, 1691,1629, 1574, 1423, 1091, 755, 662, UV-Vis (DMSO);λ in nm; 324, 

656 (dimer), 650 (monomer); Elemental analysis (C46H26N10CoO14) found C 55.0, H is 2.6, N is 14.5O is 5.83; 

calculated; Cis 55.2, H  is 2.5, O is 5.8 and N is 14.3. 
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Scheme 1: Preparation of tetra-carboxylic acid Cobalt (II) phthalocyanine 

C) Synthesis of Synthesis of tetra(1-(2-Amido phenyl)pyrrole) cobalt phthalocyanine(CoTAPPc). 

The CoTAPPc can be synthesised by (Scheme.2) themethod reported in the literature [35]. A finely ground 

the mixture of CoTCPc(9mmol), small amount of  K2CO3and 1-(2-Aminophenyl) pyrrole(4mmol)  is made to 

dissolve in 25 ml of DMF in RB Flask followed by adding a catalytic amount of N,N` DCC stirred for 36Hrs at 

room temperature. The dark green coloured product is separated by using Hot water and Hexane The resultant 

product was obtained and is dried using P2O5 in desiccator. The CoTAPPc was prepared yielding 81%.; Anal. 

For CoTAPPc with molecular weight 1304.28 C80H52CoN12O4 calc. (%) C- 73.6. H- 4.02, O – 4.91, N –12.89, 

Co – 4.52; found: C- 72.5. H- 4.07, O –4.92, N – 12.8, Co – 4.5; UV – VIS (H2SO4) λmax(nm): 331, 432, 611, 

and 615. IR absorption bands (KBr cm
-1

): 762, 843, 935, 1057, 1113, 1142, 1167, 1222, 1271, 1312, 1395, 

1410, 1516, 1643, 1661 and 3344. , UV-Vis (DMSO); λ in nm330, 670 (dimer), 651 (monomer). 
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Scheme 2:Preparation of tetra(1-(2-Amido phenyl)pyrrole) cobalt phthalocyanine. 

D) Preparation of multiwall carbon nanotube (MWCNT) composites with CoTAPPc 

Take 0.5 g of CoTAPPC and a pinch of MWCNT is crushed in agitate mortor for 3Hrs.[36], the 

obtained product will be structurally determined FTIR, thermal stability determined by TGA and the electronic 

behaviour is studied by UV. 0.1g of crushed composite of CoTAPPc/MWCNT dissolve in 10ml of DMF, then 

subjected to sonication for 20min. finally the solution is made to deposited on the electrode by using nafion 

binder. 

E) Preparation of modified electrodes 

For CV analysis Glassy Carbon Electrode(GCE) is used. Initially it should be cleaned and make it dust free 

and remove other substituents on the surface.first washed the electrode surface by deionised water, polished the 

surface with 0.5mm alumina slurries on the polishing pad, then GCE can be thoroughly washed with distilled 
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water, finally it is used for the CV analysis. The electrode is subjected to sonication for about 2min in a solution 

of ethanol followed by water. The electrode kept for drying, after drying the prepared CoTCPc and 

CoTAPPc/MWCNT solution is coated on the surface of the GCE by drop mount method. After dry the GCE it 

can be used for the CV studies. 

F) Characterization 

The UV studies can be done by an instrument Shimadzu UV-550 spectrophotometer.Infrared spectra of 

the products were recorded on perkin Elmer spectrum 100 FTIR spectrometer, in KBr pellet qualitatively. The 

powder X-Ray (PXRD) patterns were measured at room temperature of 26
0
C on a Bruker Advanced Cu Ka 

Radiation source. The thermal stability of the synthesised products checked by using a STA000 instrument 

within the temperature of 30 to 800
0
C.electrochemicalmaesurements were done by using CH instruments 

Electrochemical analyser CH1620E.it is provided with three electrode among them one is platinum wire as a 

auxiliary electrode, Ag/AgCl saturated with 3M KCl as reference electrode and a GCE as a working electrode. 

 

III. RESULTS AND DISCUSSION 

1. Electronic spectral study 

The electronic spectral data were recorded for CoTCPc and CoTAPPc complexes in the range of 200-800nm 

using a solvent as DMSO (Fig. 1). These complexes showed absorption bands at 205-220, 285-305 and 730- 

745nm in addition shoulders at 380-385nm are observed in the spectra of all the complexes. The electronic 

spectrum of the CoTCPc and CoTAPPc depicted as characteristic absorption with Q Band at 684nm and 675nm 

and the B Band is arise at 352nm and 340nm respectively [37-39]. The absorption spectra for CoTCPc and 

CoTAPPc showed a red shift in the Q Band π-π
*
 transition. The blue shift from the red shift in the absorption 

peak may be due to the increases in the conjugation and resonance due to the (amido phenyl) pyrrole groups[40, 

41]. 

 
Fig.1: UV-visible absorption spectrum of a) CoTcPc b) CoTAPPc 

2.FT-IR spectral study 

 The FT-IR spectra forCoTCPc,CoTAPPc andCoTAPPc/MWCNT are represented in the Fig.2. The similar 

functional groups are present in these compounds so obtained spectra are also similar. The Band at 1652cm
-1

 

was belonged to C=O, the 1600-1300 cm
-1

 bands are related to ν(C-C) benzene ring skeletal stretching, the 

1300-1000cm
-1

, bands are appeared due to β(C-H) in plane bending, and the 700-800cm
1
 band corresponded to 

the γ(C-H) out of the plane bending. In the Fig.2a. Curve the peak at 2978cm
-1 

corresponding to O-H is 

disappeared and in the Fig. 2b. Appearance of new peak at 3412cm
-1

, this confirms the formation of CoTAPPc. 
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Fig.2:FT-IR spectra of a) CoTCPc, b) CoTAPPc and c) MWCNT/CoTAPPc 

3.Powder X Ray Diffraction 

The powder X-ray diffraction (XRD) spectra of CoTCPc, CoTAPPcandCoTAPPc/MWCNT are obtained 

(Fig. 3) using Cu Ka radiation (k= 1.934Å). The complexes were analysed within the range of 20 to 700 (2θ). In 

XRD studies the 2θ values decides the crystallinity and amorphous nature of the compound[31,42]. The 

characteristic peaks for CoTCPc, CoTAPPcandCoTAPPc/MWCNT were arise at 8.5
0 

9.7
0
 and 7.4

0
 (2θ) values 

corresponding to their inter planar space values 4.56, 3.78 and 3.12Å respectively. For CoTCPc, 2θ will be 13 to 

16
0
 with the d spacing 5.1 to 4.9Å. The broad peaks for CoTCPc, CoTAPPc and CoTAPPc/MWCNT at 21.39, 

23.35, and 21.41 respectively, these values decides the crystal structure is monoclinic with amorphous 

 

Fig. 3:The powder X-ray diffraction spectra of a) CoTCPc, b) CoTAPPc and c) MWCNT-CoTAPPc 

4. Thermal studies 

The thermal studies of COTAPPc and CoTAPPc/MWCNT determines the thermal stability and the 

decomposition behaviour of the complexes at different temp inset in the Fig.4.the decomposition of the 

complexes takes place in three steps. In the first step the decomposition takes place at 100
0
C, due to the 

moisturepresent on the surface of the compound has been evaporated. In the second step maximum weight can 

be reduced at 320 to 540
0
C for COTAPPc and CoTAPPc/MWCNT. the  curveforCoTAPPc is stable upto 400

0
C 

and the CoTAPPc/MWCNT is stable at 480
0
C. in the final step the both the complexes are in the oxidation 

sphere so these are formed the product as CoO. By these curves we can clearly understand that both the 

complexes are stable upto400
0
C[37]. 
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Fig. 4: Thermogram for a) CoTAPPc and b)MWCNT/CoTAPPc 

IV. ELECTROCHEMICAL CHARECTERIZATION  

1) Capacitance Behaviour  

The electrochemical capacitive performance ofprepared complexes as CoTAPPc and CoTAPPC/MWCNT were 

studied at room temperature, considering three electrode system with 1M H2SO4 as an electrolyte. Fig.5 shows 

the CV curves of CoTAPPc/GCE and CoTAPPc/MWCNT/GCE at a scan rate of 0.1mvS
-1

 in the potential range 

of 0-0V. The CV curves show a rapid current response upon applied potential producing a set of redox peaks 

depending on the complexes.The redox curves are obtained due to the faradaic reactions happened by the cobalt 

central metal atom as  IEq(1). The CV curves show different shape corresponding to 

supercapacitvebehaviour[43]. 

Co(II)PC           CO(III)PC 

  

Fig. 5: Typical CV’s of (A) CoTAPPc/GCEand (B)CoTAPPc/MWCNT/GCEcomposite in1M H2SO4 with at scan 

rate 0.1 mV s
−1 

2. Capacitive Behaviour 

The Electrochemical Behaviour of CoTAPPc/GCE and CoTAPPc/MWCNT/GCE composites were studied 

using cyclic voltammetry(CV). CV is a tool that gives information regarding the faradaic reactions along with 

the EDLC behaviour of the electrodes modified with active materials. Measurements were carried out in 1M 

H2SO4 electrolyte solution with potential range between -0.5V to 1.5V. in thefig. 6a. the overlaid of CV curves 

for CoTAPPc/GCE at different scan rates as 0.1mvS
-1

 to 0.5mvS
-1

, showing as the sweep rate increases leads to 

increase in the area under the curve. this is due to at lower sweep rate the ions have more time to acquire the 

surface but at higher sweep rate the ions have lesser time to acquire surface[44]. In another way the –NH groups 
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in the phthalocyanine molecules can increase the surface area leads to increase the area under the CV Curves.the 

anodic and cathodic curve occurs due to The plot of anodic peak current and cathodic peak current vs different 

sweep rate gives a linear plot and indicating that anodic and cathodic peak currents are linearly dependent on 

scan rate, it concludes surface bound electrochemical redox reactions. 

 

Fig. 6: (A) Cyclic voltagram for CoTAPPc GC electrode at different scan rate (B)linear plot of peak current vs 

different scan rate 

The Fig. 7a.shows Cyclic voltammogram obtained for CoTAPPC/MWCNT/GCE within the potential range 

of -0.4V to 0.5V at different sweep rate from 0.1to 0.5mv. the CV curves are typical rectangular in shape due to 

the presence of MWCNT with CoTAPPc. The increase in the sweep rate leads to increase in their area under the 

curve due to the porous structure of MWCNT. The Fig.7b is the plot of cathodic and anodic peak current vs 

different scan rates gives a linear plot. 

 

Fig.7: cyclic voltagram for the composites of (A) MWCNT-NiTCBPc GC electrode at different scan rate (B) 

linear plot of peak current vs different scan rate. 

To evaluate the specific capacitance of CoTAPPc/GCE and CoTAPPc/MWCNT/GCE, cycling was 

performed at different scan rates and the area of the cyclic volltammogramm was used to calculate the 

capacitance. The capacitance was calculated using the formula: 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒𝐶 =
 𝐼𝑑𝑉

𝑠∗2∗𝑉∗𝑚
------ (Eq.1) 

Where ʃIdV = Area of the cyclic voltammogramm, S is scan rate, V is the voltage window and mass of active 

material in grams and C is the capacitance in F/g. by using eq.1 the capacitance values for CoTAPPc/GCE and 

CoTAPPc/MWCNT/GCE are inset in Fig.8. By comparing the obtained capacitance values CoTAPPc/GCE has 

225.65Fg
-1

 at 0.1mvS
-1

 and 356.98Fg
-1 

for CoTAPPc/MWCNT/GCE at 0.1mvS
-1

.The plot of calculated specific 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue V, May-2020

ISSN NO: 1781-7838

Page No:44



capacitance vs different scan rate is inset in the Fig. 8. Both the curves  show that the decrease in the specific 

capacitance values with the increase in their scan rate. 

 

Fig.8:the plot of specific capacitance vs different scan rate for (A) CoTAPPc/GCE and (B) 

MWCNT/CoTAPPc/GCE 

3.3.1. Galvanostatic charge-discharge studies. 

To study in depth, galvanostatic charge-discharge analysis has recorded at different values of current 

densities in the potential window 0-0.5V vs Ag/AgCl inset in the Fig. 9. The specific capacitance can be 

calculated by the equation 2. 

𝐶 =
𝐼∆𝑡

𝑚∆𝑉
  (F/g)-------------equation 2. 

Where ∆𝑣 is the potential window(V) , ∆𝑡is the discharge time, I is the discharge current and m is the mass(g). 

the capacitance calculated for  different current density values. The obtained Specific capacitance values 

showing decrease trend with increase in their current density values inset in the Fig. 10a. At lower current 

density the electrolytic ions have enough time to acquire more sites on the surface of the electrode, leads to 

enhanced specific capacitance.[45] Similarly at higher current density electrolyte ions gets lesser time to acquire 

the surface active sites on the electrodes.The specific capacitance for CoTAPPC/MWCNT/GCE is 352.15F/g at 

0.1A/g. then it is observed a decrease trend in specific capacitance with the increase in the current density inset 

in the Fig. 10a. 

 

Fig.9:Galvanostatic charge-discharge curves in 1M H2SO4 at different current densities for 

CoTAPPc/MWCNT/GCE 

The power density and the energy density are also other factors to understand the supercapacitor Behaviour of 

electrodes. The power density and the energy density can be calculated by the eq. 3 and eq. 4 respectively. 

𝑃 =
𝐸

𝑡
-------------- Equation 3. 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue V, May-2020

ISSN NO: 1781-7838

Page No:45



𝐸 =
1

2
𝐶𝑉2------- Equation 4. 

Where P is the power density in (kW/kg), E is the Energy density in (Wh/kg), t is the discharging time in 

seconds, V is the potential window and C is the Capacitance. Fig 10.b shows that energy density for 

CoTAPPc/MWCNT/GCE is decreases with the increase in the power density[46]. This confirms that at lower 

power density the electrode material has higher energy density value. The supercapacitor electrode can store 

maximum amount of energy at lower current. The value of Power density is 0.12kW/kg at energy density 

112.28 Wh/kg. 

 

Fig. 10: (A) Different current density versus specific capacitance plot, (B) energy and power Density plot 

3.3.2. Cyclic stability 

The stability of CoTAPPc/MWCNT/GCE is measured at 1A/g by running 1000 cycles charge discharge cycles 

continuously inset in the Fig. 11. It is found that the specific capacitance values is steady and not disturbed upto 

1000cycles, indicating that asymmetric supercapacitorhas excellent cycle stability. 

 

Fig. 11: Cyclic life of CoTAPPc/MWCNT/GCE in 1M H2SO4 with applied current density of 1A/g 

V. CONCLUSION 

In brief, the synthesis of CoTAPPc with appliance of MWCNT on modified GCE, the synthesis catalyst 

was confirmed and characterized by UV, FTIR, XRD analysis and thermal studies. The electrochemical 

capacitance studies by using CV and calculate the specific capacitance at different scan rate. The maximum 

specific capacitance value is 356.98F/g obtained at lower scan rate i.e, 0.1 mVS
-1

. The modified glassy carbon 

electrode cyclic stability upto 1000 cycles, its indicates potential application as electrode materials for energy 

storage application as well as enlarge surface area of modified GCE and conductivity is desirable.Moreover, the 

carbon nanotubes are improving the supercapacitor properties so that this electrode can be used as a promising 

candidate for positive electrode in supercapacitor devices. 
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