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Fig S1. (a, b) EDX-elemental mapping analysis of Ni-ZrO2/MWCNT nanocomposite, (c) 

EDX-elemental spectrum analysis of Ni-ZrO2/MWCNT nanocomposite. 
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Fig S2. TEM images of a, b) Ni-ZrO2 NPs, c, d) Ni-ZrO2/MWCNT nanocomposite. 
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Estimation of Electrochemically active surface area (EASA) 
behavior of various electrodes  
The EASA values were determined using the Randles–Sevcik equation is shown in equ 

(1): 

𝐼!" = 2.69×105  𝑛 3/2ACD 1/2ʋ1/2   ……………..            (1)  

Where Ip is the peak current, D is the diffusion coefficient of the ferricyanide solution, A 

is the active surface area of the electrode, n is the number of electrons involved in the 

reaction, C is the concentration of the ferricyanide solution, ʋ is the scan rate (Vs-1). The 

calculated EASA for the bare GCE, Ni-ZrO2-GCE, MWCNT/GCE, and Ni-

ZrO2/MWCNT/GCE was about 0.080, 0.278, 0.182, and 0.313 cm2, respectively. 

       In addition, the redox properties of the modified electrodes were studied in 0.1 M 

Ru(NH3)6]3+/2+ containing 0.5 M KCl at a scan rate of 50 mV s-1. As can seen in the Fig 

S3a, all the electrodes exhibit the apparent redox peaks in the measured potential range 

due to the transfer of [Ru (NH3)6]2+ to [Ru (NH3)6]3+. The bare GCE shows the low redox 

peak current along with broad peak-to peak potential separation (ΔEp). After GCE is 

modified with bare Ni-ZO2, MWCNTs, and Ni-ZrO2/MWCNT, the peak current 

increased and the ΔEp	ratio is gradually decreased, which is due to the increased diffusion 

pathways, improved electrical conductivity, and rapid electron transfer in the electrode 

surface. The Ni-ZrO2/MWCNT/GCE exhibits lower ΔEp separation of 143 mV with 

higher current response than the other modified and bare electrodes; suggest that the 

modified electrodes are highly reversible reaction process. In addition, Fig. S3b displays 

the CV curves of Ni-ZrO2/MWCNT/GCE obtained by varying the scan rate from 20 to 

200 mV s-1 in  0.1 M Ru(NH3)6]3+/2+ containing 0.5 M of KCl solution. As can be seen in 

Fig S3b, the redox peak current response increased with increasing the scan rate from 20 
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to 200 mVs-1. A linear plot was obtained between the redox currents and square root of 

scan rate as shown in Fig S3c. These results further suggest that the excellent 

electrochemical redox activity of Ni-ZrO2/WCNT/GCE, which is consistent with the 

results obtained in [Fe(CN)6]3-/4-/KCl (Fig 3b-d). 

	

	

Fig S3. a) CV curves of the modified electrodes in 0.1 M of Ru(NH3)6]3+/2+ mixed 0.5 M 

of  KCl solution at a sweep rate of 50 mV s-1. b) CV curves at different scan rates of the 

Ni-ZrO2/MWCNT/GCE in 0.1 M Ru(NH3)6]3+/2+ mixed 0.5 M of KCl. c) linear 

calibration for a redox peak current response vs square root of scan rate.  
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Fig S4. Electrochemical response of three blank samples 
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Fig S5.  (a) Reproducibility, (b) Repeatability, and (c) Stability analysis of Ni-

ZrO2/MWCNT-modified GC electrode. 
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Fig S6. (a) The DPV responses for real-time detection of 5-ASA in blood serum (a), 

human urine (c), and 5-ASA tablets (e) at Ni-ZrO2/MWCNT/GCE with PBS (0.1 M, 

pH=7.0), (b, d, f) Corresponding calibration plot of Ipa vs 5-ASA concentration.	

	

	


