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Figure S1. Raman spectra of GO and ErGO. 
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Figure S2. Cyclic voltammetry of A) GCE/AuNPs, C) GCE/cMWCNTAuNPs, E) GCE/ErGO-

AuNPs, G) GCE/ErGOcMWCNTAuNPs at different scan rates in 5.0 mM [Fe(CN)6]3−/4− containing 

PBS 0.01 M. The linear relationship between the anodic and cathodic peak currents versus root of 

the scan rate of B) GCE/AuNPs, D) GCE/cMWCNTAuNPs, F) GCE/ErGOAuNPs, H) GCE/Er-

GOcMWCNTAuNPs. 

According to Laviron's theory [1]  a reversible electrochemical process produces two 

straight lines with a slope equal to −2.3RT/αnF for the cathodic peak and 2.3RT/(1−α)nF 

for the anodic peak. The charge transfer coefficient, α, can be calculated based on the 

slopes of the two straight lines of Ep vs log v using the following Equation (2):  

 

 

 

 

Where ka and kc are the slope of the straight lines for Epa vs log v and Epc vs log v, 

respectively. For HQ and CC (reversible process), the charge transfer coefficient (α) was 

calculated. The Epa and Epc are linearly dependent on the log v, represented by the fol-

lowed equations: Epa (HQ) = 0.0376 log ν + 0.1582 (R2 = 0.9909), Epc (HQ) = -0.0278 log ν + 

0.0112 (R2 = 0.9918), Epa (CC) = 0.0412 log ν + 0.2734 (R2 = 0.9962), Epc (CC) = -0.0263 log v + 

0.1457 (R2 = 0.995). Thus, the α was calculated to be 0.574 for HQ and 0.6103 for CC.  In 
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addition, the apparent heterogeneous electron transfer rate constant (Ks) was also calcu-

lated using the follow Equation (3): 

 

 

where n is the number of electrons involved in the reaction, the ΔEp is the peak-to-

peak separation, α is the charge transfer coefficient, v is the scan rate, R is the gas constant 

(8.314 J K−1 mol−1), T is the temperature (298 K), and F is the Faraday constant (96,485 C 

mol−1). The number of electrons involved in the reaction of HQ and CC was 2. Therefore, 

the values of ks were calculated to be 0.693 cm s−1 and 0.973 cm s−1 for HQ and CC, respec-

tively. These results indicated that the GCE/ErGO-cMWCNT/AuNPs promotes electron 

transfer effectively.  

Due to the irreversible oxidation reaction of RS, it was used the Laviron's Equation 

(4) for the irreversible electrode process to calculate αn and ks values [2].  

 

 

 

Where α is the charge transfer coefficient, n is the transfer electron number, ks is the 

heterogeneous electron transfer rate constant, R, T, and F have their usual meanings. The 

αn was calculated as 0.82 and ks value of RS was 0.49 s−1 based on the slope and intercept 

of Epa vs ln ν equation, respectively. Because the electron number involved in the oxida-

tion process is 2, α was calculated to be 0.41. 
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