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Gas analysis studies  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S1. Gas chromatography traces of gases collected from PEDOT / nano Co3O4 / rGO on FTO electrode. 

 

The Faradaic efficiency for oxygen production was 61.2-62.1%, which means that this percentage 

of the electrons travelling through the circuit were converted into oxygen gas, which we 

physically collected in our apparatus. This is the conventional way of reporting gas production in 

photocatalytic systems, where the quantity of electrons passing through the cell is more 

accurately determined than the absolute weight of catalyst. For the record, that equates to 1.3 

mmol/min in the dark and 1.7 mmol/min in the light, which figures could have been calculated 

from the Faradaic efficiency   
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Powder x-ray monitoring of the reduction of GO to rGO  

 

 

 

 

 

 

 

 

 

 Fig. S2. XRD of GO and rGO film  

 

As can be seen in Fig. S2, the GO3-5 initially present was totally removed after scanning the film 

in cyclic voltammetry, while a broad peak appearing in the range 2θ = 18.28⸰-26.8⸰ confirms the 

presence of rGO.6   

  



 

Electrochemical impedance spectroscopy (EIS) and Tafel plot studies 

 

Fig.7(b)-(c) shows Nyquist plots. A large arc observed in the main plots is attributed to 

intermediate to low frequencies (10-100 Hz) while another small arc is at high frequencies 

(1,000-10,000 Hz). The small arc characterizes the charge transfer during catalytic OER. 

Previous studies confirmed that at pH 12, adsorption processes dominate, such as ionic 

transfer (charge carriers) from diffuse layer to the catalyst itself.1  

 

The Nyquist plots were modelled with the equivalent circuit shown in Fig.7 (a).   Table 1 

shows the results of the modelling. A qualitative measure of the electrochemically active 

surface area of the samples is provided by the capacitance Cdl. As can be seen, the most 

active Pt/PEDOT/nano-Co3O4/rGO film in both dark and light states exhibits a substantially 

lower capacitance Cdl than the Pt only control film. The resistivity of the most active 

PEDOT/nano-Co3O4/rGO on Pt / FTO, which is dependent on both the adsorption process 

(Rad), and the charge transfer resistance, RCT, is lower (in Rad and RCT values ) than the 

resistivity of the bare Pt control; this made it more active per unit area under the testing 

conditions. This may be due, in part, to the formation of an oxide layer, which is known to 

form on Pt in basic solution.2 The catalyst activity further increased when the light was 

switched off. The PEDOT control film displayed a smaller area resulting in lower catalytic 

activity.  

         

Fig. 7(d) depicts Tafel plots of the various catalytic films. Data from these studies are 

recorded in the last two columns of Table 1. The exchange current density, io, presents the 

measured catalysis rate at reversible potential, when the overpotential is equal to zero.  

As can be seen in Table 1, the bare Pt control displayed the highest io, as may be expected.  

This indicated that it had the highest intrinsic catalytic capability at zero overpotential.  

Interestingly, PEDOT/nano-Co3O4/rGO on Pt / FTO film produced lower Tafel plots than 

the control films in both dark and under illumination. Under external bias the catalytic 



OER activity of the Pt/PEDOT/nano-Co3O4/rGO required only 97.4 mV (without light 

illumination) and 93.7 mV (with light illumination) to increase the reaction rate by a factor 

of more than 8. The bare Pt control required 250 mV. It seems possible that the external 

applied bias improved reactant adsorption on the film surface, especially under light 

illumination. 

 

   

  



X-ray photoelectron spectroscopy (XPS) studies  

The PEDOT/nano-Co3O4/rGO film was further analysed using X-ray photoelectron spectroscopy 

(XPS) (Fig. S3). The main peaks in the data are attributed to S 2p, O 1s, C 1s, Co 2p and O 1s. Both 

O 1s and C 1s spectra can refer to PEDOT and rGO, while the S 2s spectrum derived only from the 

PEDOT. The C 1s spectrum contained six deconvolution peaks at 284.0, 284.80, 286.20, 286.78, 

287.88, 289 and 291.03 eV (Fig. S3(b)). The peak at 284.0 eV represented a sp2 carbon hybrid, 

which mainly related to the C=C binding energy.5-6  The peak at 284.90 eV represented a sp3 

carbon hybrid and related to C-C, C-H while the peaks at 286.20, 286.78, 287.88, 289.21 and 

291.03 eV corresponded to C-S, C-O, C=O, O-C=O and π-π interaction respectively.5-6 The S 2p XPS 

spectrum of the film contained peaks at 163.5 and 165.5 eV, which relate to the binding energy 

of the 2p3/2 and 2p½ that correspond to the C-S bond and S+.5-6 These are assigned to the S atoms 

of the PEDOT fragments. The other two small peaks relate to the 2p3/2 and 2p½ of the sulfonic 

groups in the PTS structure.5-6 The O 1s XPS spectra of the film displayed four peaks at 529.9, 

530.3, 532 and 533 eV. The first two peaks that at 529.9 and 530.3 eV related to the existence of 

Co-O bonds, as is consistent with the Co 2p spectrum5-6  for more detail the peak sites at 529.9 

eV corresponding to  lattice O, and the peak at 530.3 eV can be attributed to the low coordinated 

oxygen ions (chemisorbed oxygen) at the surface. The other two peaks that sited at 532 and 533 

eV referring to the binding energy of C=O and C-O bonds respectively. 5-6 Finally, for the Co 2p 

spectra there were mainly two of binding energies observed at of 780 and 795.1 eV that assigned 

to the tetrahedral Co2+ and octahedral Co3+ contributed to the spin-orbit doublet 2p spectral 

profile of Co3O4. These peaks correspond to 2p 1/2  and  2p3/2 with energy separation of 15.1 eV, 

as well as  there  were weak satellite structure found in the high binding energy side of 2p3/2 and 

2p1/2 transitions referred to the co-existence of Co(II) and Co(III) on the material surface. 5-6 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. S3.  XPS spectra of PEDOT/nano-Co3O4/rGO showing various binding energy regions; peaks representing the 

depicted transitions are shown, along with simulations (solid lines) and measured data (individual points). C 1s 

spectra and O 1s derive from both PEDOT and rGO while S 2p derives from PEDOT only and Co 2p derives from nano-

Co3O4 
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UV-Vis absorption 

The UV-Vis absorption spectra in Fig. S4 show that rGO, PEDOT and PEDOT/Co3O4/rGO absorb 

light in the wavelength range 500-800 nm. 

 

Fig. S4.  UV-Vis spectra of rGO, PEDOT, and PEDOT/nano-Co3O4/rGO. 
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