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Abstract 
In this work, [5,10,15,20-tetra(2,2-bithiophen-5-yl)porphyrinato]Cobalt (Co-T2TP) was synthesized by a two-

step procedure and ErGO/ITO-coated glasses were prepared and used as substrates for electropolymerization of Co-

T2TP. Electrochemically reduced graphene oxide (ErGO) films on ITO-coated glasses were obtained from reduction of 

graphene oxide (GO) in 0.1 M Na2SO4 solution using cyclic voltammetry. Electrochemical study of the resulting 

ErGO/ITO-coated glass electrodes was performed by using ferrocene as a redox probe. Co-T2TP was successfully 

synthesized with 10% overall yield confirmed by NMR and mass spectrometry. 0.5 mM Co-T2TP was used as a 

monomer to electropolymerize on the ErGO/ITO-coated glass electrodes by mean of cyclic voltammetry in 

dichloromethane solution containing 0.1 M Tetrabutylammonium hexafluorophosphate (nBu4NPF6). Fourier 

transformed infrared (FTIR) and Raman spectroscopy and UV-visible spectrophotometry were used to confirm the 

presence of ErGO and poly(Co-T2TP) on the ITO-coated glass electrodes. In future work, poly(Co-T2TP)/ErGO-ITO 

electrode will be used as a compartment of photoactive supercapacitor and heterogeneous electrocatalytic system. 
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1.  Introduction 

 Porphyrin is a macrocyclic aromatic compound that consists of four pyrrole units and four bridging 

carbon atoms in a planar conformation with numerous advantageous properties, such as structural 

robustness, attractive absorption and emission properties and strong aromaticity (Tanaka & Osuka, 2015). 

In addition, the photo-physical and chemical properties of the porphyrins are tunable by adding various 

metals in the center of the ring and introducing substituents at meso positions of the porphyrin ring (Huang, 

Nakanishi & Berova, 2000). Therefore, the porphyrins have been utilized in many applications, such as 

dye-synthesized solar cells (Yang et al., 2014), supercapacitors (Gao et al.,2017), photoelectrocatalysts for 

O2 (Day & Wamser, 2017) and CO2 reduction (García et al., 2014). 

An indium tin oxide (ITO)-coated glass is commonly used as a transparent electrode, which 

exhibits good conductivity and optical transparency (Lippens & Muehlfeld, 2014). However, it presents 

several major limitations, including low surface area, narrow negative potential window in water (Benck et 

al., 2014) and unstable interface between polymer and ITO-coated glass (Sharma, Andersson & Lewis, 

2011). Therefore, the organic polymers usually peel off from the electrodes and electron transfer rates 

between the organic polymers and ITO-coated glass electrode surface was reduced (Zhang et al., 2015). In 

order to overcome these limitations, carbon-based materials become of interest a complementary material 

for ITO-coated glass electrode, the carbon-based materials such as, carbon nanotubes (CNT), graphene and 

reduced graphene oxide, offer good conductivity, large surface area and good electrons transfer between 

electrode surface and organic polymer and improve the stability of organic polymer (Mani et al., 2016).  

Graphene is a one-atom thick planar sheet of sp2-bonded carbon atoms, which are densely packed 

in a honeycomb crystal lattice (Shams, Zhang & Zhu, 2015). This unique nanostructure is suitable for many 

applications, such as batteries (Chiam et al., 2018), supercapacitors (Son et al., 2017), and hydrogen storage 

(Tozzini & Pellegrini, 2013). Graphene can be prepared by several approaches, such as exfoliation of 

graphite, chemical vapor deposition (CVD), epitaxial growth (Marrani et al., 2017). However, the facile, 

low cost and bulk production method is a chemical reduction of exfoliated graphite oxide (GO) by using 

graphite as an initial material. However, this method employs hazardous chemicals, hydrazine, as 

reductants (Shao et al., 2010). To overcome this drawback, an electrochemical reduction process that can be 

done in non-toxic aqueous solutions, such as NaCl, Na2SO4, Na3PO4, KNO3 and KCl, was proposed (Zhang 
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et al., 2012). Typically, the electrochemical synthesis of graphene is carried out via two steps, starting from 

GO being assembled on the electrodes by dip-coating, drop-casting, or spray-coating and then being 

subjected to the electrochemical reduction to obtain the electrochemically reduced graphene oxide (ErGO)-

modified electrode (Kheirmand & Eshghi, 2015). In this study, we reported a synthesis of Co(II)-porphyrin 

containing polymerizable meso-bithiophenyl groups and the polymerization on the ErGO-modified ITO-

coated glass electrodefor using in the photoactive supercapacitor or photoelectrocatalyst in further studies. 

 

2.  Objectives 

1. To synthesize and characterize Co(II)-porphyrin containing polymerizable meso-bithiophenyl 

groups 

2. To fabricate and characterize ErGO-modified ITO-coated glass electrode from graphene oxide 

using the electrochemical reduction process 

3. To prepare polymer films of the Co(II)-porphyrin on the ErGO-modified ITO-coated glass 

electrode 

 

3.  Materials and Methods 

3.1 General 

 All chemicals were analytical grade, purchased from commercial sources and used as received 

unless noted otherwise. 1H-NMR (400 MHz) spectra was recorded in CDCl3. Chemical shifts (δ) are 

reported in parts per million (ppm). Mass spectra were obtained using matrix-assisted laser desorption 

ionization (MALDI) mass spectrometry with α-Cyano-4-hydroxycinnamid a α-CCA) as a matrix. 

Morphology and elemental analysis were studied using scanning electron microscope (SEM) and energy-

dispersive x-ray spectroscopy (EDS) at a magnitude of 500. Absorption spectrum of target compounds in 

toluene and polymer films were measured under 300 to 800 nm at room temperature. Raman spectroscopy 

was operated by using 532 nm laser and Raman spectra of materials were recorded under Raman shift 500 

to 3300 cm-1. FTIR spectra of materials were recorded under wave number 600 to 3700 cm-1 with ATR 

mode. 

 

3.2 Synthesis of tetra(2,2-bithiophen-5-yl)porphyrin (T2TP) 

Following a previously published procedure (Lindsey et al., 1994), bithiophene carboxaldehyde 

(389 mg, 2.00 mmol) was dissolved in propionic acid (8 mL) in a seal tube. Then, pyrrole (0.142 mL, 2.00 

mmol) was added and the reaction mixture was stirred at 130 oC for 1 hour. After cooling down to room 

temperature, methanol was added and the resulting precipitate was collected by filtration. Purification of 

this crude solid by a silica column (1.5% TEA in CH2Cl2) gave T2TP as a deep purple solid (75 mg, 15%). 
1H-NMR (δ) –2.61 (s, 2H), 7.12 (dd, J = 3.6, 5.2 Hz, 4H), 7.34 (dd, J = 0.8, 5.2 Hz, 4H), 7.42 (dd, J = 0.8, 

3.6 Hz, 4H), 7.58 (d, J = 3.6 Hz, 4H), 7.80 (d, J = 3.6 Hz, 4H), 9.17 (s, 8H); MALDI-TOF-MS m/z (%): 

found, 967.049 (100) (M+); calcd 966.023 (M+; M = C52H30N4S8). 

 

3.3 Synthesis of tetra(2,2-bithiophen-5-yl)porphyrinato Cobalt(II) (Co-T2TP) 

Following a previously published procedure (Jiao et al., 2007), a solution of T2TP (75 mg, 0.078 

mmol) in CHCl3 (25 mL) was metallated with a solution of Co(OAc)2·4H2O (97 mg, 0.39 mmol) in 

methanol (3 mL) under reflux for 2 hours. After removal of the solvent, the reaction mixture was 

redissolved in CH2Cl2 (50 mL), washed with water (50 mL), dried over anhydrous Na2SO4, and 

concentrated to dryness, and the resulting crude was purified by a silica column (1.5% TEA in CH2Cl2), 

followed by washing with hexanes to give Co-T2TP as a purple solid (mg, 65%). MALDI-TOF-MS m/z 

(%): found, 1022.729 (100) [M+]; calcd 1022.941 (M+; M = C52H28N4S8Co); UV–vis: λabs 449, 562, 607 nm. 

 

3.4 Preparation of the ErGO-modified ITO-coated glass 

A GO solution in Milli-Q water (0.125 mg/mL, 200 µL) was dropped on ITO-coated glass and 

dried at room temperature to obtain the GO film on the ITO-coated glass. After that, the GO film was 
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reduced by electrochemical reduction in a 0.1 M Na2SO4 aqueous solution under deoxygenated condition by 

means of cyclic voltammetry in a three-electrode one-compartment system using a GO/ITO-coated glass 

electrode as a working electrode (WE. A Pt plate and silver chloride coated on a silver wire (Ag/AgCl) 

were used as a counter electrode (CE) and a quasi-reference electrode (QRE) at a potential range of 0.3 V to 

– 1.4 V vs. Ag/AgCl (QRE) and a scan rate of 50 mV·s−1 for 10 cycles. 

 

3.5 Electropolymerization of Co-T2TP 

Electropolymerization of Co-T2TP was performed by the cyclic voltammetry in CH2Cl2 

containing 0.5 mM Co-T2TP and 0.1 M nBu4NPF6 in a three-electrode one-compartment system using an 

ITO-coated glass or ErGO/ITO-coated glass electrode as a working electrode. Polymerization was 

electrochemically carried out under N2 atmosphere at a potential ranging from 0 V to 1.4 V vs. Ag/AgCl 

(QRE) with a scan rate of 50 mV·s–1 and the number of scanning cycles of 10. 

 

4.  Results and Discussion 

4.1 Synthesis and characterization 

As shown in Scheme 1, the synthesis of the target compounds started from condensation between 

pyrrole and bithiophene carboxaldehyde under acid catalysis and subsequent oxidation by oxygen in air 

(Lindsey et al., 1994) to obtain the T2TP. 1H-NMR spectra of T2TP exhibited signals of β-pyrrolic protons 

at 9.17 ppm, thienyl protons at 7.1 to 7.80 ppm and inner protons at −2.61 ppm. MALDI-TOF-MS found a 

molecular ion peak at m/z 967.049, which was consistent with the data reported by Keawsongsaeng et al. 

(2016) report, confirming that T2TP was successfully synthesized. After that the T2TP was subjected to 

cobalt-metalation using a method described by Jiao et al. (2007) to obtain Co-T2TP. Due to the 

paramagnetic property of Co(II) in Co-T2TP, the target compound was not characterized by 1H-NMR. 

However, the MALDI-TOF-MS found a molecular ion peak at m/z 1022.729, suggesting that Co-T2TP 

could be synthesized by these two-step procedures with 10% overall yield. 
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Scheme 1 Synthesis of Co-T2TP 

 

4.2 Preparation of the ErGO-modified ITO-coated glass  

Cyclic voltammograms for the electrochemical reduction of the drop casted GO film on the ITO-

coated glass showed reduction potential onset at ‒1.2 V vs Ag/AgCl (QRE) with drastic current increase 

when the potential reached ‒1.4 V vs Ag/AgCl (QRE), which corresponded to the reduction of oxygen 

functional groups at the GO surface (Devadas et al., 2014). However, with the increasing number of scans, 

the GO reduction current was found to decrease, suggesting that the reduction of surface-oxygenated 

species at GO occurred quickly and irreversibly (Guo et al., 2009). These indicated that the GO was 

reduced to ErGO under this electrochemical reduction condition.  
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Figure 1 Cyclic voltammograms of the electrochemical reduction of the GO film on the ITO-coated glass 

 

 The morphology of the resulting ErGO films on the ITO-coated glasses was characterized by SEM 

as shown in Figure 2a, as the ErGO film revealed a wrinkled texture and well covered on ITO-coated glass 

surface which was agreeable with the EDS elemental mapping as shown in figure 2b. This EDS map 

illustrates the good distribution of ErGO on ITO-coated glass. 

 

 

Figure 2 (a) SEM image and (b) EDS map of carbon element of ErGO film on ITO-coated glass 

The original GO and resulting ErGO film on the ITO-coated glass was characterized by UV-

visible spectrophotometry as shown in Figure 3. The maximum absorption of GO on the ITO-coated glass 

was observed at 386 nm, while that of the ErGO film on the ITO-coated glass was found at 393 nm. The 

redshift is attributed to rearrangement of electronic conjugation in the aromatic structure and confirmed that 

the oxygen functionalities in GO were reduced by the electrochemical method (Mutyala & Mathiyarasu, 

2016). 

(a) (b) 
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Figure 3 UV-visible absorption spectra of the GO and ErGO films on the ITO-coated glasses 

 

  
Figure 4 (a) FTIR and (b) Raman spectra of the GO (black dashed line) and ErGO films (red solid line) on 

the ITO-coated glass and ErGO 

 

As shown in Figure 4a, FTIR spectrum of the pristine GO showed O-H stretching of carboxyl 

groups as a broad peak at 3383 cm-1, C=O stretching at 1732 cm-1, C=C stretching at 1621 cm-1, O-H 

bending at 1351 cm-1and C-O stretching of epoxy groups at 1046 cm-1. In the case of ErGO, its FTIR 

spectrum showed very low intensity of OH-stretching at 3383 cm-1 and C=O stretching at 1732 cm-1, 

indicating the reduction of GO under this electrochemical condition. 

Figure 4b shows a Raman spectrum of the pristine GO film showed D and G peaks at Raman shift 

of 1350, 1598 cm-1, respectively (Mekassa et al., 2017). The G band corresponds to in-plane bond 

stretching of the sp2-carbon, whereas the D band is associated with various types of defects, such as 

vacancy-like defects, grain boundary edges, domain boundaries and electron doping (Alonso et al., 2017). 

In the case of the ErGO film, the D band shifted to 1343 with higher intensity than that of GO and D band 

was observed at 1598 cm-1 which similar to GO. The intensity ratio of the D to G bands (ID/IG) for the GO 

and ErGO films are 1.43 and 1.66, respectively. The higher ID/IG indicated the restoration of sp2 carbon and 

decreased in the average sizes of sp2 domains upon the reduction. Higher intensity in D band also suggested 

that more isolated graphene domains were presented in rGO as compared to GO and also indicated removal 

of oxygen moieties from GO after the reduction (Hidayah et al.,2017). 
 



RSU International Research Conference 2019  

https://rsucon.rsu.ac.th/proceedings            26 April 2019 

284 

 

 

 

 

4.5 Electropolymerization of Co-T2TP  

The electrochemical polymerization of Co-T2TP was performed using the ErGO-modified ITO-

coated glass as the working electrode. In the case of using ErGO/ITO-coated glass as working electrode, the 

cyclic voltammogram exhibited three oxidation peaks at 0.75, 1 and 1.4 V vs. Ag/AgCl QRE (Figure 5). 

The first two peaks were consistent with the oxidation processed of the porphyrin ring and the last one 

corresponded to the oxidation of the meso-bithiophenyl groups (Shimidzu et al., 1995). With the increasing 

number of scans, the peak current of all three oxidation peaks current was found to increase. This behavior 

is attributed to the growth of polymeric film (San Martín et al., 2007). 

 
Figure 5 Cyclic voltammograms of the electropolymerization of Co-T2TP on the ErGO-modified ITO-coated glass 

 

To confirm the presence of the Co(II)-porphyrin units in the resulting film that could imply the 

successful formation of the polymer of Co-T2TP (poly(Co-T2TP)), the absorption of the resulting film 

was investigated in comparison to that of Co-T2TP as shown in Figure 5. The results showed that the 

spectrum of Co-T2TP exhibited a characteristic intense Soret band at 449 and weak Q-bands at 562 and 

607 nm. This absorption pattern was also observed for its polymer film with a broader feature slight red 

shift due to an extended π-conjugation system and possible macrocyclic aggregation in the polymer chains. 

Therefore, it can be concluded that the polymerization of Co-T2TP was achieved.  
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Figure 5 Normalized absorption spectra of a Co-T2TP solution in toluene (black dashed line) and the poly(Co-T2TP) 

film on the ErGO-modified/ITO-coated glass (red solid line) 

 

 

5. Conclusion 

The target porphyrin bearing the bithiophenyl meso-substituents was successfully synthesized by 

two-step processes in 10% overall yield. A transparent carbon-based electrode was successfully fabricated 

by electrochemical reduction of the dropcasted GO film on the ITO-coated glass and used on the working 

electrode for the electropolymerization of the target compound. Characterization by UV-visble 

spectrophotometry confirmed the formation of the ErGO film and the corresponding porphyrin polymer on 

the ErGO film. This electrode will be further studied for the photoactive supercapacitor and 

photoelectrocatalyst applications. 
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