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Electrosynthesis of AQS/PANI hybrid film 1 

The AQS/PANI hybrid film was synthesized by an electrochemical doping–dedoping–redoping 2 

method. Before electropolymerization, the graphite disk electrode impregnated with paraffin was 3 

polished to a mirror-like surface with fine alumina podwer and cleaned by mild sonication in pure 4 

water. Then, the working electrode was cycled in potential range from –0.5 V to 1.8 V at 50 mV s–1 in 5 

N2-saturated 0.1 mol L–1 H2SO4 solution in order to activate the electrode. In the doping process, freshly 6 

distilled aniline was in situ electropolymerized on working electrode by CV method in 0.1 mol L–1 7 

H2SO4 solution containing 0.1 mol L–1 aniline, resulting in the emeraldine salt form of PANI (ES-8 

PANI). Then, the 2
4SO −  anion was removed from the resulting film to obtain the emeraldine base form 9 

of PANI (EB-PANI) by dedoping method. After dedoping, the obtained EB-PANI was redoped with 10 

AQS to prepare the AQS/PANI hybrid film. A typical example for the preparation of AQS/PANI hybrid 11 

film by the electrochemical doping-dedoping-redoping method is given as follows:  12 

The deposition of ES-PANI films on working electrode was performed by CV method rather than 13 

using a constant current method, since it was found that films deposited by cycling display lower 14 

background currents, and thus better insulating properties at the negative end of voltage span. Thin 15 

PANI film was grown on graphite disk electrode in 0.1 mol L–1 H2SO4 + 0.1 mol L–1 aniline solution 16 

under N2 atmosphere to obtain ES-PANI, using the following methodology: (a) first and second 17 

cycles—potentiodynamic polymerization by cycling at 2 mV s–1 from –0.2 V to +0.9 V; (b) other cycles 18 

(up to 20)—potential cycling between –0.2 V and +0.7 V at 10 mV s–1 at room temperature. Then, the 19 

ES-PANI was dedoped firstly by potentiostatic treatment at –0.2 V in aniline monomer free N2-20 

saturated 0.1 mol L–1 H2SO4 solution for 40 min, followed by immersing it in 0.1 mol L–1 NH4OH at 21 

room temperature for 2 h and then in ice cold distilled water for 2 h to remove doped or physically 22 

adsorbed 2
4SO −  anion, and thus obtain the EB-PANI.  23 

After dedoping by potentiostatic treatment and immersed in NH4OH aqueous solution and ice water, 24 

the EB-PANI was redoped also by CV method at 10 mV s–1 from –0.2 V to +0.75 V in N2-saturated 0.1 25 

mol L–1 H2SO4 solution containing 5 mmol L–1 AQS. This redoping process is assumed to be counter-26 
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ion doping during PANI oxidation, and is an irreversible process due to the big bulk of doping AQS 1 

(AQSdoping). The electrode was cycled repeatedly until stable cyclic voltammograms were obtained and 2 

thus get the AQS/PANI hybrid film. The preparation details can be illustrated in Scheme S1. The 3 

resulting electrode was washed with distilled water and ethanol and then dried in a vacuum overnight at 4 

60 °C before use.  5 

 6 

 7 

Scheme S1 Electrosynthesis of the AQS/PANI hybrid film on graphite electrode surface using an 8 

electrochemical doping-dedoping-redoping method. 9 

 10 

Thermogravimetric analysis/Simultaneous differential thermal analysis (TGA/SDTA)  11 

Thermal degradation studies were performed under nitrogen atmosphere at a linear heating rate of 10 12 

°C /min from room temperature to 500 °C. TGA/SDTA measurement of the AQS/PANI hybrid film 13 

shown in Fig. S1 indicates that the mass loss undergoes three steps: (1) starts at 50 °C and continues up 14 
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to 100 °C; (2) a slow weight loss in the temperature range from 100 to 300 °C; and (3) a significant 1 

mass loss up to 500 °C. For the first-step weight loss, the AQS/PANI hybrid film shows 2–5% weight 2 

loss, which is attributed to the loss of surface water.1–3 SDTA measurement suggests that this step is 3 

endothermic process. We interpreted the second-step weight loss as dopant loss (AQSdoping dedoping). 4 

The third-step weight loss starting at 300 °C and up to 500 °C is due to the decomposition of 5 

AQS/PANI hybrid film, which corresponds to the decomposition temperature, 296 – 300 °C, of 6 

AQSdoping. This result is consistent well with the fact that ES forms of PANI films begin to decompose 7 

at a temperature much lower than the decompose temperature of EB (around 500 °C).1 In addition, it is 8 

an exothermic process according to the SDTA curve. 9 

 10 

Fig. S1 TGA and SDTA curves of the AQS/PANI hybrid film 11 

 12 

The stability of AQS/PANI hybrid film 13 

The performance of the AQS/PANI hybrid film modified electrode towards ORR in pH 3.07 O2-14 

saturated solution was further investigated by single potential-step chronoamperometry method at a 15 

cathodic potential of –0.5 V for over 3–4 hours at room temperature. During test, O2 gas was 16 

continuously bubbled around the working electrode. As seen from Fig. S2, the AQS/PANI hybrid film 17 

modified electrode is quite stable as it produces an approximately constant value of oxygen reduction 18 

current during the entire period of investigation. This result should be firstly attributed to the excellent 19 

environmental stability of PANI layer. On the other hand, AQS on account of its high degree of 20 
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planarity contributes also to the stability of hybrid film, because the stability and the electronic 1 

conductivity of conducting polymer films doped with various anthraquinone sulfonate correlate well 2 

with the number of sulfonate groups attached, and the best result attained at one sulfonate group per 3 

dopant molecule.4 4 

 5 

Fig. S2 Single potential-step chronoamperometric response of the AQS/PANI hybrid film modified 6 

electrode in pH 3.07 O2-saturated solution at –0.5 V under continues O2 bubbling conditions. 7 

 8 
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