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1. Preparation of the F-MWCNT/MWCNT/PDMS electrode 

16 mg of MWCNT powder was dispersed in 20 mL anhydrous IPA through tip son-

ication for 1 h. The process for forming MWCNT layer on a petri dish with a diameter of 

9 cm consisted of three cycles of casting and drying the solution. During the first cycle, 10 

mL of the MWCNT solution was placed onto a petri dish and dried at 95 °C. During the 

second and the third cycles, 5 mL of the solution was casted and dried. 11 g of PDMS was 

prepared by mixing an elastomer and curing agent in a weight ratio of 10:1 and air bubbles 

in PDMS were removed using a vacuum pump. Then, PDMS was poured onto the dry 

MWCNT layer and was covered the glass substrate on MWCNT/PDMS layer at 95 °C for 

10 h. After that, MWCNT/PDMS/glass was detached off from petri dish and then the 

MWCNT/PDMS layer was also peeled off from the glass. The MWCNT/PDMS film was 

cut to 15 mm × 5 mm dimension and cleaned by sonicating it in absolute ethanol and de-

ionized water for 3 min and 2 min, respectively. 

 

Figure S1. (a) Fabrication process for the functionalized MWCNT (MWCNT-COOH) (b) Membrane filter remaining after 

processing by vacuum filtration and (c) after sonicating with DI water. 
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Figure S2. Determination of hybridization time. (a) Sixteen UV absorption curves measured every 30 s for 480 s. (b) Ab-

sorbance at a wavelength of 260 nm as a function of time. 

 

Figure S3. (a) Nyquist plot for the different accumulation times at 0.26 V from 1 min to 15 min. (b) Rct value as a function 

of time. The sample PBS solutions contained 1 nM probe DNA and 4 mM [Fe(CN)6]3−/4−. 

 

Figure S4. (a) Schematic and (b) image showing the integration of the three electrodes platform. 
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Figure S5. Cyclic voltammetry responses of the F-MWCNT/MWCNT/PDMS electrode after 1 cycle 

(black line) and after 100 cycles (red line). The electrode was immersed in PBS solution containing 4 

mM [Fe(CN)6]3−/4−. 

Table S1. Comparison of the electrode performance with other electrochemical DNA biosensors based on EIS. 

Working electrode LOD Linear range (M) References 

GCE/AuNPs-ATP functionalized graphene oxide (ATP-GO) 11.3 fM 
1.0 × 10−13 𝑡𝑜 1.0

× 10−9 
[1] 

GCE/electrochemically reduced graphene oxide (ERGO) 30 pM 
1.0 × 10−12 𝑡𝑜 1.0

× 10−9 
[2] 

GCE/polyiline-mesoporous nanozirconia composite (PAN-

nanoZrO2)/ 

Poly L-tyrosine (PTyr) 

26.8 fM 
1.0 × 10−13 𝑡𝑜 1.0

× 10−6 
[3] 

Carbon paste electrode/nanogold–CNT/polyaniline nanofibers 

(PANnano) films 
0.56 pM 

1.0 × 10−12 𝑡𝑜 1.0
× 10−6 

[4] 

GCE/SWCNTs/ZrO2/2,6-pyridinedicarboxylic acid (PDC) 1.38 pM 
1.0 × 10−11 𝑡𝑜 1.0

× 10−6 
[5] 

Au electrode/AuNPs 0.67 pM 
2.0 × 10−12 𝑡𝑜 9.0

× 10−8 
[6] 

F-MWCNT/MWCNT/PDMS composite electrode 19.9 fM 
1.0 × 10−12 𝑡𝑜 1.0

× 10−9 
This work 
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