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Abstract: A novel thiol functional group substituted Cobalt (II) phthalocyanine complex synthetic method 

and structural elucidation reported in this work. Upon conjugation blue shift was observed from the UV-

Vis spectra. The XRD analysis showed a complex is Crystalline and showed greater thermal stability upto 

400
0
C analysed by TGA. The structure of the complex confirmed by nmr and FTIR.The electrochemical 

supercapacitive properties of the complex and the conjugate with MWCNT were investigated by Cyclic 

voltammetry (CV) and Galvanostatic charge and discharge (GCD) method, gets the capacitance values as 

456Fg
-1

with greater stability upto 1000 cycles. The material suitable for supercapacitor electrode must 

having lower power density and higher energy density so here Also complex has a lower power density as 

0.22kW/kgwith higher energy density as 126.54Wh/kg. Finally these data reveals the complex with 

MWCNTis a good supercapcitive material.  
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I.INTRODUCTION 

Many of the researchers in science and technology worked on energy production and energy storage 

devices. The method for energy production has invented and advanced energy storage for improved and 

enhanced characteristics such as the charging time with shorter duration, the power density with higher 

magnitudes, and its cycles with longer life span. Nowadays supercapacitors have potentially become one of 

those energy storage devices which have significantly been developed and refined to be more efficient devices. 

On the context, electrochemical capacitors or supercapacitors (SCs) are highly promising owing to their 

largerpower density and smaller energy density[1, 2].The SCs made up of with three components they are two 

electrode separated by separator immersed in an electrolyte[3,4].The working mechanism of the former concern 

withthe supercapacitors can classify into pseudocapacitors[5] and electrical double layer capacitors[6]. The 

performance takes place by faradaic reactions of electroactive particles at the interface and the latter concern 

with non-Faradaic separation of charges at the electrode and electrolyte interface[7,8]. 

Studies have shown that carbon nanotube composite modified electrodes showedhigher capacitive current 

in some electrolytes.Therefore it is necessary to having the charge storage properties of these materials as 

potential sources for storing the energy. Carbon composite supercapacitors are preferably used due to their high 

surface area and porous surface[9-11].Among the all the carbon materials Carbon nanotubes are more efficient 

in charge storing devices. Recently both single walled and multiwalled carbon nanotubes(MWCNT) have been 
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considered as a supercapacitor electrode materials, due to their peculiar properties such as large surface area,low 

resistivitywith narrow distribution of mesoporousstructure and showing high chemical stability[10-16]. 

 Phthalocyanine(Pcs) are the macrocyclic compounds having bivalent, tetradentade, planar structrure 

with 18π conjugated electron aromatic ring system and are composed of four pyrrole rings having four N=C 

groups of pyrrole ring[17,18]. The Metal phthalocyanines(MPc) are widely used in many industries as 

functional materials according to their upholding properties are efficiently encouraging the abilities of charge 

transfer. In MPcs,the metal ions have the ability to change the colour during redox reactions[19]. The MPcs are 

intensively analysed as target for optical switching and limiting devices, [20] as sensors[21], solar cells[22], as 

nonlinear optical materials and as photosensitizers in PDT[23].The advanced application of MPcs used in 

supercapcitve electrode materials, due to the presence of –NH groups present in the structure. So that, these –

NH functional groups can have a large surface area andpronounces the capacitive behaviour of material[24]. 

When these MPcs are composites with carbon materials can shows better capacitance. 

 The aim of the present work was to evaluate the synthesis of doped tetra (naphthalene thiol) cobalt (II) 

phthalocyanine(TNCoPc)and investigate their electrochemical properties in terms of energy storage in 

capacitors using Glassy carbon electrode (GCE) immersed 1M H2SO4 electrolyte. This work shows the excellent 

capacitive behaviour of MWCNT composite with TNCoPc. 

II.EXPERIMENTAL DETAILS 

A) Material and Methods: 

4-nitrophthalonitrile (4NPN: C6H3(NO2)(CN)2), Naphthalene thiol, cobalt (II) chloride, dicyclocarbidamide 

(DCC: C13H22N2), methanol(CH3OH),dimethylformamide (DMF),  Ethanol(C2H5OH), sulphuric acid (H2SO4), 

Dimethylsufoxide(DMSO), hydrochloric acid(HCl), 5%wt Nafion 117 were purchased from sigma aldrichand 

used and received. Distilled water is used for preparing all solutions. 

The glassy carbon electrode (GCE) havingsurface area 0.070cm
2
can be cleaned by polishing with 0.05µm 

alumina slurry on polishing pad with double distilled water  followed by sonication in DMF followed by ethanol 

for 30min at room temperature.  

 

B) Instruments 

All experiments were done at room temperature. UV-Vis spectra recorded using Shimadzu 2101 UV-Vis 

Spectrophotometer, FTIR Spectra taken by perkin Elmer 100 spectrometer. Mass analysis is done on Bruker 

Autoflex IIIMALDI-TOF spectrometer,XRD analysis was done by Brucker D8 advance x ray diffraction 

machine. 1H NMR spectra were recorded using a Bruker 300 MHz instrument. Cyclic voltammetry (CV) 

studies done by CH instruments electrochemical analyser CH1620Ewith electrochemical cell containing 

platinum chloride as reference electrode, an Ag/AgCl saturated with 3M KCl as reference electrode and a glassy 

carbon disc mounted in Teflon as a working electrode. CV experiments were done within the potential 

windowfrom -1 to 3 V at different scan rates (1, 2, 3, 4 and 5 mVS
-1

). GCD analysis was carried out with in the 

potential range from 0 to 0.7V at current densities ranging from 0.1 to 0.5 mA. 

 

C) Synthesis of naphthalenylsulfanylphthalonitrile 

Finely ground mixture of naphthalene thiol 1.92g (0.012mol) and 4NPN 2.31g (0.012mol), then made to 

dissolve in 15ml of DMF solvent taken in the RB Flask and add K2CO3 (catalytic amount) kept for stirring at 

room temperature. After 72h, solid product naphthalenylsulfanylphthalonitrile ligand(i) solid product formed. 

The completion of the reaction was monitored by TLC and naphthalenylsulfanylphthalonitrile ligand was 

recrystallized from methanol.  

Yield 73% MP: 134
0
C; Mol. Wt:286.65. Anal. For C18H10N2S: Calc. C - 63.62, H - 3.20, N – 14.5,  O – 

65.75.Experimentally Found C - 65.60; H - 3.18; N – 14.52; O – 65.78; FTIR (cm
-1

): 1698 (C=O str.), 1632 (-

C=C- str.),2233(-CN str.), 2932 and 2846 (-C-H str.), 1692 (-C=O str.) and3336 (-NH str.).  

 

D) Synthesis of tetra (naphthalene thiol) cobalt(II) phthalocyanine(TNCoPc) 

Mixture of ligand (i) (2.87g, 0.01mol) and Cobalt Chloride (0.32g, .0025mol) were made to dissolve in 

pentanol(10 ml) as solventtaken in a RB Flask andand add DBU (catalytic amount) and refluxed at130
0
C for 36 

hours to form tetra (naphthalene thiol) cobalt (II) phthalocynine(TNCoPc) (ii) as shown in Scheme 1. The 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue V, May-2020

ISSN NO: 1781-7838

Page No:134



obtained product was washed and recrystalisedwith Ethanol,filter the substrate and dried, yields pure tetra 

(naphthalene thiol) cobalt (II) phthalocynine.  

Yield 70%.Anal. For C72H42CoN8S4: Calc. C - 71.68; H - 3.51; N - 9.29;. Found: C - 70.94; H - 3.45; N - 9.01; 

FTIR (cm
-1

): 620, 810, 970, 1109, 1116 (skeletal vibrations of Pc), 1689 (C=O str.) and 3322 (-NH str.). UV 

(nm): 346, 680. 
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Scheme 1.Synthetic route for the preparation of tetra (naphthalene thiol) cobalt (II) phthalocyanine 

 

E) Preparation of multiwalled carbon nanotube (MWCNT) composites with TNCoPc 

The composites of MWCNT/TNCoPc can be prepared by direct surface modification done by physical 

method. In this method consider 0.5g of synthesised TNCoPc crushed in agitate mortor for 3Hrs with a pinch of 

MWCNT, the resultant product is confirmed by FTIR and UV studies.  

 

F) Modification of GCE 

The glassy carbon electrode (GCE) is chosen for analysis due to their low oxidation rates as well as 

chemical inertness. For cleaning the surface of the GCEmechanical method is used i.e. the electrode is rubbed 

with polishing method. The electrode (GCE) was first cleaned by polishing with (0.05µ, Baikolox) over the 

polishing pad, and then the electrode kept for ultra-sonication in DMF. TheTNCoPC solution prepared by 

dissolving0.5g of TNCoPc in 1ml of DMF, sonicated for 10min and 5µL ofprepared solution was drop coated 

on polished GCE and put in desiccator for 4hrs  to obtain MWCNT/TNCoPc/GCE. Now this is modified 

electrode to use for electrochemical studies. 

 

III.RESULTS AND DISCUSSION 

1) Absorption Studies 
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The synthesised TNCoPc complex UV analysis was done by using DMSO solvent within the wavelength 

range of 300 – 800nm. Make Thehomogeneous TNCoPc solution with DMSO and the electronic absorption 

spectrum of TNCoPc shown characteristic absorption peaks for Pc as shown in Fig. 1. The obtained compound 

is in green colour because of a2u to egand b2u to egtransitions[25]. Absorption bands were observed for Pc 

significantly superior, this observed red shift was attributed to peripheral thiol which produces extra 

conjugation. The origin of Q-Band was arised due to a1u to eg transition of the synthesised compounds. 665nm 

and 320nm in Q Band and B Band respectively arised for the TNCoPc (inset Fig .1a) and 600nm and 310 nm 

arsied for MWCNT/TNCoPc(inset in the Fig .1.b) 

 
Fig.(1) UV-visible absorption spectrum of a) TNCoPc b) MWCNT/TNCoPc 

 

2) IR Spectra 

IR spectra was recorded using KBr pellet method. The appearance of peak at 2630cm
-1

 (C-S-C) (inset in 

Fig. 2a) confirmed the formation of the ligand (i) and the disappearance of peak at 2230cm
-1

(inset in Fig. 

2bconfirms the formation of TNCoPc is shown in Fig.2 

 

Fig. (2)FT-IR spectra of a) Naphthalenylsulfanylphthalonitrile, b) TNCoPc 

3) Structural studies  

Fig. 3 shows the XRD patterns TNCoPc  and MWCNT/TNCoPc was recorded 2θ angles ranging from 6 to 

70
0
 shows sharp peaks revels their crystalline nature. The powdered XRD patterns of basic TNCoPc. In the Fig. 

3a and Fig. 3b curve shows a large noice in the range of 10 – 60
0
 2θ degree values which are characteristic 

peaks for crystalline phthalocyanines [26]. The hetero aromatic naphthalenyl thiol moiety in the periphery 

consequence for extended conjugation and the larger region of π electrons leads to the staking of 

phthalocyanines and in similar way the compounds were showing crystallinity. 
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Fig.(3)The powder X-ray diffraction spectra a) TNCoPcb) MWCNT/TNCoPc 

 

4) 1
H nmr-Spectra 

1
H nmr spectra of naphthalenylsulfanylphthalonitrile were recorded in DMSO at room temperature and 

confirmed the proposed structure. The merged peak at 1.65 which is for –SH group confirms the formation of 

desired product. The chemical shift observed at 7.66ppm as abroad singlet belongs to the protons of peripherally 

substituted functional groups. 
1
H NMR, (DMSO), (ẟ:ppm): 8.086, Ar-H (d,2H), 7.76, Ar-H (S,1H),  8.064, Ar-H 

(d,2H), 7.37, Ar-H (t,3H), 7.36, Ar-H (dd,2H), 7.34, Ar-H (S,1H), 7.30, Ar-H (S,1H), 7.26, Ar-H (d,2H), 7.24, 

Ar-H (d,2H), 3.310, OH (S,1H), 7.229, So2H ( S,1H). 

 

 
Fig.(4).

1
H nmr spectra of naphthalenylsulfanylphtahlonitrile 

 

5) Mass spectral Analysis 

ESI-MS MALDI Spectrometry is a best characterization method to give a confirmation about the 

formed product the molecular weight of the complex is 1206.35. the Molecular ion peak at m/Z has 

the value 1206 (Fig 5) which is in close agreement with the proposed structure of TNCoPc 
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Fig. (5). ESI-MS mass spectrum of TNCoPc 

 

6) Thermal studies 

Thermogravimetric analysis of TNCoPc and MWCNT/TNCoPcwere given in the Fig. 6and depicts that the 

complexes undergotwo step decomposition. from the Fig. 6aInitially degradation is takes place in the 

temperature region around 110
0
C may be accounted for the loss of moisture. The second degradation step of 

gradual decomposition observed in the temperature range 400 -580 
0
C. From the Fig. 6b for MWCNT/TNCoPc 

are decomposed initially above 450
0
C the carbon particles of MWCNT starts to decompose, after that Pc core 

decompose. The thermal analysis yields the stability of TNCoPc and TNCoPc/MWCNT shows the stability 

greater than 400
0
C[27]. 

 
Fig.(6) TGA Graphs  fora) TNCoPc b) MWCNT/TNCoPc 

 

7) Electrochemical Behaviour 

The electrochemical performances of TNCoPc/GCE and MWCNT/TNCoPc/GCE were evaluated by cyclic 

voltammetry (CV) and Galvanostatic charge-discharge (GCD) in a conventional three electrode system using 

1M H2SO4electrolyte solution Fig. 7 shows the typical CV curves of ofTNCoPc/GCE and 

MWCNT/TNCoPc/GCE at a sweep rate of 1mvS
-1

. In each CV curve, pair of redox peaks were clearly 

observed, indicating that the capacitance is mainly governed by a faradaic reaction mechanism. The possible 

reaction mechanism between electrolyte and different oxidation states of cobalt ions during Faradaic reactions 

can be described by the following equation  

Co
+2

 Co
+
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Fig.(7)CV curves for a) TNCoPc b) MWCNT/TNCoPc 

 

it was clearly observed that integral area for CV curve of MWCNT/TNCoPc/GCE somewhat larger than 

that of TNCoPC/GCE, indicating that the higher electrochemical activity and specific capacitance of the 

MWCNT/TNCoPc/GCE. Fig. 7b shows rectangular CV curve of MWCNT/TNCoPc/GCE i.e, characterstics of 

EDLC while that of TNCoPc/GCE shows different redox peaks explaining as pseudocapacitornature(Fig. 7a). 

Furthermore, the comparison exhibit that area under the curve as well as redox peak current is increases with the 

increase in the scan rate from  1to 5mV.  

the Fig.8a depict that CV Curves for TNCoPc at scan rate from 1 to 5mvS
-1

, observe the increase in the area 

under the curve as the scan rate increases due to at lower scan rate the electrolyte ions have sufficient time to 

retain on the surface of the electrode and leads to increase in the specific capacitance[28]. In another way at 

higher scan rate the electrolyte ions move on the surface very fastly so that the the curve is enhanced but the 

capacitance is decreases. The Fig.8c explains the CV curves for MWCNT/TNCoPc/GCE, here also same trend 

is observed. But on comparison with the TNCoPC/GCE with MWCNT/TNCoPc/GCE the area under the curve 

has been increased. This is due to the MWCNT providing extra conductive  pathways resulting in quick transfer 

of charge across electrode/electrolyte interface which increases the overall electrochemical performance. The 

plot of redox currents vs scan rate can give a linear plot as shown in the Fig. 8b and Fig. 8d, and exhibits nearly 

nonlinear relationship between scan rate and peak current, which indicates diffusion-controlled charge transfer 

rather than adsorption. 

 

 At lower scan rate the ions can have more time on the surface of the electrode and can store the energy for 

that large time so that at lower scan rates specific capacitance is increases. The specific capacitance can be 

calculated by the equation (i) 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 𝐶 =
 𝐼 𝑑𝑉

𝑠∗2∗𝑉∗𝑚
------ (Eq.i) 

 

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. the calculated maximum specific capacitance is found 

to be 325Fg
-1 

and 456 Fg
-1

 for the TNCoPC/GCE and  MWCNT/TNCoPc/GCE respectively, and found that 

MWCNT composites have the maximum specific capacitance values. Plot the specific capacitance vs scan rate 

explains as the scan rate increases with decrease in the capacitance (inset in the Fig. 9a and b). 
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Fig.(8)a)CV curves of  TNCoPc/GCE at different scan rate as mentioned in the fig b) plot of redox curren 

vs scan rate for TNCoPc/GCE c) CV curves of  MWCNT/TNCoPc/GCE at different scan rate as mentioned 

in the fig d) plot of redox current vs scan rate for MWCNT/TNCoPc/GCE 

 

 
Fig.(9) The plot of specific capacitance vs scan rate for a) TNCoPc/GCE and b) MWCNT/TNCoPC/GCE 

 

\The capacitance by Galvanostatic charge discharge method is found by using the equation (ii) 

𝐶 =
𝐼 𝑋 𝑡

∆𝑉
----------(ii) 

Where I is the current density (Ag
-1

) , t denotes charging/discharging time (s)of the electrode,  ∆𝑉 is the 

potential window and C be the capacitance (Fg
1
). This method is one of the most accurate assessment of 

capacitance. The GCD plot of TNCoPc/GCE andMWCNT/TNCoPc/GCE in 1M H2SO4 electrolyte as shown in 

the Fig. 10aandFig. 10c respectively. The plot displays the linear triangular shaped charge and discharge curves 

confirming the capacitance characteristics of the complexes. From GCD analysis the capacitance can be 

calculated at different current densities values, plot the different capacitances vs current densities inset in the 
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Fig. 10b and Fig. 10d and can clearly shows the decrease in the capacitance values with the increase in the 

current densities.  

 
Fig.(10)GCD curves for a)TNCoPc/GCE and c) MWCNT/TNCoPc/GCE. The plot of specific 

capacitance calculated by GCD method for for b)TNCoPc/GCE and d) MWCNT/TNCoPc/GCE 

 
Fig. (11)a) plot of Energy density vs Power density for MWCNT/TNCoPc/GCE  b) plot of specific 

capacitance vs cycle number 

 

The power density and the energy density are also the important factors to understand the supercapacitor 

nature of the electrode material[29]. The power density and the energy density can be calculated by the eq. 

iii.andeq. iv respectively. 

𝑃 =
𝐸

𝑡
-------------- Equation (iii). 

𝐸 =
1

2
𝐶𝑉2------- Equation (iv). 

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 11.a shows that energy density for 

MWCNT/TNCoPc/GCE is decreases with the increase in the power density. These values help to find at higher 

energy density there is lower power density, the supercapacitor electrode can store maximum amount of energy 

at lower current. The value of Power density is 0.22kW/kg at energy density 126.54 Wh/kg. the cyclic stability 
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of the MWCNT/TNCoPc/GCE was analysed upto 1000cycles and found constant capacitance upto 1000 cycles 

and have no deviation in the value is inset in the Fig. 11b. 

 

IV CONCLUSION 

In summary, to achieve large capacitance values electrochemical supercapacitors, by introducing 

proper percentage of MWCNT doped with TNCoPc to form a composite material and made to mount on the 

GCE in 1M H2SO4 electrolyte solution study the electrochemical behaviour using CV and GCD Method. On 

comparison the synthesised complex TNCoPc with MWCNT composites, the charge storage capacity is larger 

in MWCNT composites, the specific capacitance has been found to be 325Fg
-1 

and 456 Fg
-1

 for the 

TNCoPC/GCE and  MWCNT/TNCoPc/GCE respectively and also having cyclic stability upto 1000 cycles 

without deviation in the capacitance value. The porous structured MWCNT can enhances the supercapacitive 

behaviour of TNCoPc.  
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